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GENERAL INTRODUCTION 
Over one billion coolwater fish were stocked in the United States and Canada during the 
1983/1984 season not including those stocked by the U.S . Fish and Wildlife Service. Over 95% of 
the stocked fish were walleye ( Stizostedion vitreum vitreum) , and the ten leading states and 
providences stocked a total of nine million fingerlings with the balance being fry (98% of walleyes 
stocked) (Conover 1986) . 
Fingerling stockings make a greater contribution than fry stockings to walleye populations 
in lakes with limited reproduction (Heidinger et al. 1985; Fielder in press) . The demand for 
fingerling walleyes continues to grow for sport fish stocking programs. Currently most fingerling 
walleye stocked by state and federal agencies are reared in earthen culture ponds (Raisanen and 
Applegate 1983) . Although pond production of fingerling walleyes is commonplace by 
governmental agencies and is expanding in the private sector, site specific cultural procedures are 
used , and few experimental studies have been undertaken (Richard and Hynes 1986). 
Because of the complexity of pond ecosystems, production, and harvest of healthy 
fingerling walleyes is often extremely variable (Mathias and Li 1982; Richard and Hynes 1986; 
McIntyre et al. 1987) . Inter-pond variability in a production hatchery has not been reported , but Fox 
et al. (1989) reported survival ranging from 0.7 to 73% and a 1450% range in production (1.8 to 
26 .1 g/m3) in experimental ponds. Reducing this type of variability is dependent upon 
management of the ponds, especially the qualitative and quantitative characterist ics of the prey 
population and control of cannibalism (Colesante et al. 1986; Mcintrye et al. 1987). Therefore , an 
important aspect of pond management is understanding how to manipulate zooplankton and 
benthic communities that are the food of fingerling walleyes (Mathias and Li 1982; Raisanen and 
Applegate 1983 ; Fox et al. 1989) . 
There are three primary methods to optimize production of an acceptable forage base in 
fingerling walleye rearing ponds : ( 1) timing of pond filling relative to fry stocking , (2) pond 
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fertilization (kinds , amount and application schedule) , and (3) inoculation of zooplankton (Geiger 
1983; Buttner and Kirby 1986) . Other pond management activities which are avai lable to the fish 
culturist include control of vegetation with herbicides and control of predacous insects with fuel oil 
(Dupree and Huner 1984) . 
Some walleye hatcheries stock ponds within one to seven days after filling , in advance of 
expected development of zooplankton populations because of climatic conditions or prior culture 
of a crop of northern pike (Esox lucius) fingerlings . This situation suggests that "seeding" the 
pond by zooplankton inoculation may be an affective way to initiate a rapid increase in desirable 
zooplankton numbers. Geiger (1983) has been recommended zooplankton inoculation for pond 
production of fingerling striped bass (Marone saxatalis) and Richard and Hynes (1986) have 
suggested using the procedure for culture of fingerling walleye. These recommendations are 
based on the assumption that zooplankton inoculation will increase desirable zooplankton 
populations, but the assumption has not been critically evaluated for culture of any fish , especially 
not for pond culture of walleye fingerlings . 
Inorganic and organic fertilizers have been used alone or in combinations in fish culture 
ponds by many researchers (Geiger 1983). However, controversy exists over which fertilizer form is 
more beneficial for fingerling production. Inorganic fertilizers provide nutrients to stimulate an 
autotrophic food by increasing algae production that can be utilized by zooplankton (cladocerans 
and copepods) (Richard and Hynes 1986). Organic fertilizers stimulate heterotrophic food chains, 
and the addition of organic materials to ponds generates a large decomposer community which can 
be used directly by zooplankton as a food source and yet also provide a slow release of inorganic 
nutrients to algae (Geiger 1983; Bar1<.oh and Rabeni 1990) . In practice, organic fertilization is 
favored in northern latitudes for production of fingerling walleye but few experimental studies have 
been reported to compare types of organic fertilizers, application rates, and whether application 
rates should be related to nitrogen content or total biomass of the fertilizer. 
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The objectives of this research are (1) to evaluate zooplankton inoculation and organic 
fertilization with soybean meal and different forms of alfalfa (ground hay, alfalfa pellets, and alfalfa 
meal) on production, survival , and harvest size of fingerling walleye ; (2) to evaluate zooplankton 
inoculation and organic fertilization influence on water quality parameters ; and (3) to study the 
results of zooplankton inoculation and organic fertilization on abundance of zooplankters and 
benthic organisms used as food by fingerling walleyes . 
Studies were carried out at the Valley City National Fish Hatchery, Valley City , North Dakota, 
and Garrison Dam National Fish Hatchery , Riverdale , North Dakota. In 1990, The U.S. Fish and 
Wildlife Service distributed a total of 53 million walleye fry and fingerlings ; of these 15 million were 
cultured at the Valley City and Garrison Dam National Fish Hatcheries (Turner et al. 1990) . The 
Valley City National Fish Hatchery produced 1.2 million fingerling walleye in 1990 (M. Bernard , U.S. 
Fish and Wildlife Service , personal communication) and the Garrison Dam National Fish Hatchery 
produced 9 million fingerling walleye in 1990 (J . Call , U.S. Fish and Wildlife Service, personal 
communication) . In 1990, these two hatcheries accounted for 28.3 % of the walleye(> 1.5") 
stocked by the U.S Fish and Wildlife Service hatchery system. Because the fingerling production 
at these hatcheries is so large, research at these locations can make a significant contribution to the 
total output of Fish and Wildlife Service hatcheries. 
Explanation of Thesis Format 
This thesis has been produced in the alternate thesis format. A general introduction and 
summary are given, along with three sections, each covering a different component of the 
research. The style used in this thesis is suitable for publication in journals that follow the format of 
the Transactions of the American Fisheries Society. 
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SECTION I. EFFECTS OF DIFFERENT ORGANIC FERTILIZERS AND 
ZOOPLANKTON INOCULATION ON PRODUCTION OF 
FINGERLING WALLEYES IN PONDS 
5 
ABSTRACT 
The influence of zooplankton inoculation (ZP) and type of organic fertilization (FERT) 
treatments on survival , biomass, numbers , condition , length, and weight of fingerling walleyes 
(Stizostedion vitreum vitreum) produced in earthen ponds was investigated. Fourty-three 
drainable outdoor ponds (0.31 to 0.63 hectares) were stocked with 3-d-old larvae at densities 
of 38 ± 1 fry/m3 (2 X 3 factorial design in 1989 and 2 X 2 factorial design in 1990). Ponds were 
divided equally between ZP treatments (with or without zooplankton inoculation) and fertilized 
with alfalfa as pellets, hay, or meal in 1989 or alfalfa pellets , hay, or soybean meal in 1990. The 
fertilizers were applied on an equal biomass application rate in 1989, and on an equal nitrogen 
basis in 1990. The zooplankton inoculum was predominately the cladoceran Daphnia in 1989, 
but a mixture of Daphnia and copepods in 1990. Data pooled over both years and hatcheries 
resulted in 53.9% survival (211,834 fry/hectare), and production of 45.7 kg/hectare. The 
pooled results indicate that zooplankton inoculation reduced survival, biomass, and fingerlings 
produced per hectare but did not affect condition factor , mean length at harvest , or mean 
weight at harvest. The type of fertilizer used did not influence any of the production 
parameters. However, ponds fertilized with alfalfa hay or alfalfa pellets generally gave better 
production performance than the other fertilizers . When the application rate for the fertilizers 
was based on nitrogen content, production was usually highest in ponds fertilized with the 
most organic material , indicating that application of fertilizers dependent on biomass is more 
affective than application dependent on nitrogen content alone. 
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INTRODUCTION 
Since the pioneering research on organic fertilization of fingerling walleye culture ponds in 
the 1950's (Dobie 1956) , few studies have been reported on methods for pond culture of 
fingerling walleye (Beyerle 1979; Fox 1989; Fox et al. 1989; Fox and Flowers 1990). Although the 
basic pond management techniques that have developed use organic fertilization to cultivate 
zooplankton populations, there is considerable variability in kinds and amounts used. Techniques 
which have evolved are often site specific and based on trial and error rather than scientific 
methods (Richard and Hynes 1986) . Successful pond production of fingerling walleye 
( Stizostedion vitreum vitreum) is dependent upon qualitative and quantitative aspects of food 
resources for the fingerlings as they grow. Walleye fry do not begin feeding until the yolk sac 
disappears (about 5 days after hatching at 18 to 20 C or at 90 to 100 temperature units) at which 
time they are approximately 8.5 mm (Li and Mathias 1982) . 
LaNal walleye are selective visual feeders , picking out individual prey items, and then 
striking them (Mathias and Li 1982). Important foods for walleye from the prolaNal stage (Stage I -
start of exogeneous feeding) through postlaNal stage (Stage II - complete absorption of the oil 
globule) are copepods and cladocerans , while rotifers and copepod nauplii are seldom consumed 
(Li and Mathias 1982; Raisanen and Applegate 1983; Fox 1989). There is a shift in food type and 
size as the laNae grow. After Stage II , juvenile walleye increasingly shift from consumption of 
zooplankton to aquatic insects and eventually to fish (Houde 1967; Priegel 1969; Walker and 
Applegate 1976; Mathias and Li 1982) . In ponds, walleye first feed upon crustacean zooplankters , 
mainly copepods up to 1.5 mm long , and as they grow, they begin to incorporate larger 
zooplankton such as cladocerans into their diets (Mathias and Li 1982; Fox et al. 1989). 
Chironomid laNa and pupae form the bulk of fingerling diets when the fingerlings reach three to 
four weeks of age (Fox 1989; Fox et al.1989 ; Fox and Flowers 1990) . 
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The pond rearing phase for walleye is usually terminated when fish approach 50 mm in 
length because cannibalism and emaciation will result if the fingerlings can not find larger prey 
suitable to fulfill their increasing energy requirements (Richard and Hynes 1986). Thus, during the 
production period , pond management must be geared towards maximum production of 
zooplankton and chironomids to prevent starvation and cannibalism . The principal means available 
to the fish culturist to increase planktonic and benthic invertebrates is through fertilization and 
zooplankton inoculation (Geiger et al. 1985; Richard and Hynes 1986; Buttner and Kirby 1986; 
Barkoh and Rabeni 1990) . 
Organic fertilization has been shown to enhance fish production in ponds (Dobie 1956; 
Geiger 1983; Fox et al.1989) . The role of the fertilizer is to provide food and nutrient sources for 
the planktonic and benthic communities that are used as food by the fingerlings. Inorganic 
fertilizers are commonly used in the culture of warmwater fish, but they increase food resources by 
action on algal production (Metzger and Boyd 1980; Piper et al. 1982; Young and Flickinger 1988). 
lnorganics stimulate an autotrophic food chain (algae) which, in turn , is grazed upon by 
zooplankton. The undesirable aspect of encouraging algal growth is the increased fluctuations in 
diel dissolved oxygen, carbon dioxide, and pH ; potential oxygen depletions due to algal respiration 
and increased BOD. Inorganic fertilization may stimulate production of algal types (blue greens and 
large filamentous greens) which are not used by zooplankton that can cause stress and hinder 
efficient harvesting of fingerlings (e.g., Hydrodicton) . 
On the other hand, coolwater fish culturists have shown a preference for organic fertilizers 
due to shorter culture periods and reduced problems with vegetation (Richard and Hynes 1986; 
Buttner and Kirby 1986; Fox et al. 1989). Organics encourage heterotrophic food chains for 
bacteria and zooplankton and ''feed" the various organisms capable of consuming organic materials 
directly (Barkoh and Rabeni 1990). Of course , decomposition of organic matter eventually 
contributes inorganic nutrients to algal food chains but slower than inorganic fertilizers . Crustacean 
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zooplankton will feed directly on organic fertilizers and the microbes which accompany the fertilizer 
(Makarewicz and Likens 1979; Glamazda and Katretskiy 1980; Barkoh and Rabeni 1990). 
Hypothetically , powering heterotrophic food chains with organic matter will produce the 
zooplankton populations without the problems associated with abundant algal and macrophyte 
growth . The types of organic fertilizers used for fertilization of fingerling culture ponds include 
cottonseed meal , bermuda hay , chicken manure , alfalfa meal , soybean meal , yeast, and other 
organic materials (Richard and Hynes 1986; Buttner and Kirby 1986; Fox et al. 1989). 
Zooplankton inoculation is commonly recommended by researchers to establish 
zooplankton populations (Geiger 1983; Geiger et al. 1985; Richard and Hynes 1986; Buttner and 
Kirby 1986), although it is not used in coolwater hatcheries in North Dakota, South Dakota, Iowa, or 
Nebraska for production of walleye. If zooplankton populations are not abundant in the water used 
to fill the ponds (i .e., when ground water is used) or if zooplankton numbers decline during the 
culture interval, inoculation may be used to initiate or to sustain zooplankton populations. 
Research on the effects and benefits of zooplankton inoculation is limited, and it has not been 
systematically studied in walleye fingerling culture . 
Through trial and error, basic techniques to rear walleye fingerlings in ponds have 
developed, but few experimental studies have been reported on fertilizers and zooplankton 
inoculation. The type of organic material, application rate used, and the importance of zooplankton 
inoculation needs further evaluation. The objectives of this research are to evaluate ( 1) types of 
organic fertilizers (soybean meal , alfalfa hay, alfalfa meal, and alfalfa pellets) and (2) zooplankton 
inoculation on pond production and harvest size of fingerling walleye . 
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STUDY SITE 
Pond experiments were conducted for two years ( 1989 and 1990) at both the Bald Hill Unit 
of the Valley City National Fish Hatchery (VCNFH) and at the Garrison Dam National Fish Hatchery 
(GDNFH) . Each year the first portion of the study was conducted at the VCNFH and the second 
portion at the GDNFH. This schedule coincided with the walleye fingerling culture plans of the 
hatcheries. Twelve 0.30 hectare ponds were used at the VCNFH in both years. Twelve 0.61 
hectare ponds were used at GDNFH in 1989 and 15 in 1990. 
The VCNFH, located near Valley City, North Dakota, filled ponds at the Bald Hill Unit 
with water from Lake Ashtabula. The GDNFH hatchery is located below Garrison Dam, which 
impounds the Missouri River, and ponds were filled with water from Lake Sakakawea in 1989 
and from the Riverdale Spillway Lake in 1990. The Riverdale Spillway Lake (estimated 90 
surface acres) serves as a stilling basin for the emergency overflow spillway of Garrison Dam, 
and water in the lake warms faster in the spring than water from Lake Sakakawea. The water 
supply of both hatcheries is high in TDS, total hardness, total alkalinity , chloride, and sulfates 
(Table 1) . 
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Table 1. Analysis of water supplies used to fill culture ponds at Valley City National Fish Hatchery 
(VCNFH) and Garrison Dam National Fish Hatchery (GDNFH) in 1989 and 1990 
Riverdale 
Parameter Lake Ashtabulaa Lake Sakakaweaa Seillwal'. Lakeb 
Total dissolved solids (ppm) 615 .0 448 .0 676 .0 
Turbidity (Jackson units) 13 3 
Total hardness (as CaCO3) 287 231 210 
Total alkalinity (as CaCO3) 295 171 
Calcium (mg/L) 52 .5 55.4 46 .0 
Magnesium (mg/L) 38 .0 22 .4 23 .1 
Chloride (mg/L) 23 .8 11 .8 14.9 
Sulfate (mg/L) 185.0 177.0 241 .0 
Total Ammonia Nitrogen (mg/L) 1 . 1 0.024 
Nitrate+ Nitrite (mg/L) <1 .0 0.064 0 .09 
Total Iron 0.30 0 .023 
Conductivity (micromhos/cm) 886 908 
Total phosphate (mg/L) 0 .018 0.22 
aMost recent water analysis available was done by the U.S. Army Corp of Engineers in 1987. 
bwater samples taken as the ponds were filled and were then analyzed by the 
Department of Civil and Construction Engineering, Iowa State University . 
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METHODS 
Experimental Design and Statistical Methods 
The objectives of th is study are to evaluate two types of pond management treatments at 
each hatchery. The treatments were organic fertilization (FERT) and zooplankton inoculation (ZP). 
At each hatchery in each year (1989 and 1990) a completely randomized design was used where 
individual ponds were the experimental units (Table 2). The treatments used in 1989 at both 
hatcheries consisted of the factorial combination of ZP (present or absent) and th ree forms of alfalfa 
fertilizers (pellets , hay, or meal) applied on an equal biomass basis . In 1990, at VCNFH , the FERT 
treatment was reduced to alfalfa pellets or soybean meal and the number of replications of each 
treatment combination increased from two to three . Five combinations of fertilizer and ZP were 
used at GDNFH in 1990; four of them formed a factorial arrangement of ZP and fertilization with 
alfalfa hay and soybean meal applied on an equal nitrogen basis . An additional treatment of 
soybean meal at double the nitrogen level was also used. There were three replications of each of 
the five treatments (Table 2) . 
Originally , 51 ponds were included in this study , 12 at VCNFH in 1989 and 1990, 12 at 
GDNFH in 1989, and 15 at GDNFH in 1990. Data from three of the ponds at VCNFH in 1990 were 
not used in the analysis due to various culture problems : one pond overflowed the catch basin 
while draining ; another pond was contaminated with northern pike from the inflow water due to a 
hole in the saran sock used as a filter ; and another pond was stocked with fry of poor quality. Data 
from four ponds at GDNFH in 1990 were not used due to contamination of the ponds with northern 
pike that apparently survived in small puddles in the pond bottoms until the ponds were refilled for 
the walleye culture experiment . At GDNFH, in both years , ponds were first used to raise northern 
pike fingerlings previous to walleye culture . 
Data were analyzed as completely randomized, factorial experiments using the 
Statistical Analysis System (SAS 1982) . Data from experiments were analyzed individually, 
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Table 2. Experimental design used in ponds at Valley City National Fish Hatchery (VCNFH) 
and Garrison Dam National Fish Hatchery (GDNFH) in 1989 and 1990 
Hatchery and Year 
VCNFH 1989 
ZP treatment Alfalfa Pellets (i:;QntrQI) Alfalfa Hay Attalfa Meal 
with 2 2 2 
without (control) g g g 
Total 4 4 4 
GDNFH 1989 
ZP treatment Alfalfa Pellets Alfatta Hay (QQntrQI) Alfalfa Meal 
with 2 2 2 
without (control) g g g 
Total 4 4 4 
VCNFH 1990a 
ZP treatment Alfalfa Pellets (i:;QntrQI) SQybean Meal (IQw) To.ta! 
with 3 2 5 
without (control) J 1 1 
Total 6 3 9 
GDNFH 1990b 
ZP treatment Alfalfa hay (i:;QntrQI) SQybean Meal (IQw) SQybean Meal (high) 
with 3 2 0 
without (control) 1 g J 
Total 4 4 3 
aThree ponds were orginally assigned to each treatment but this was reduced to 
numbers shown due to unplanned event (see text for explanation) . 
To.ta! 
6 
_Q 
1 2 
To.ta! 
6 
_Q 
12 
To.ta! 
5 
_Q 
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bThree ponds were orginally assigned to each treatment except for SBM (high N) X 
with zooplankton inoculation , to which none were assigned, but this was reduced due to 
unplanned event (see text for explanation) . 
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then all data were pooled and analyzed overall. The null hypothesis (Ho) tested is that the 
treatments , fertilization with different types of organic fertilizers (FERT treatment); and 
zooplankton inoculation (ZP treatment) will not affect survival , biomass , numbers , or size of 
walleye fingerlings at harvest. The alternate hypothesis (HA) is that the treatments (FERT and 
ZP) will have an affect on these production variables . The interactions between treatments 
were also tested . When interactions were significant (P ~ 0.10) they were discussed, but when 
interactions did not occur between the treatment factors (FERT and ZP treatments) no mention 
is made of interaction. 
Conventional alpha values of 0.05 and 0.01 are reported as well as alpha values of 
0.10. Decisions on significance were based on alpha levels of 0.10 to avoid Type II error 
(rejection of HA) and to take into consideration inherent variability in pond experiments. 
Analysis of covariance (ANCOVA) was used to test treatment effects and interactions between 
treatments using days of culture as the covariate because the variation in culture interval among 
ponds frequently had significant affects on production measurements (Table 3) . When alpha 
levels indicated significant differences between treatments, the Duncan's Multiple Range Test 
was used to identify which means differed from one another. Where imbalance in the factorial 
arrangement occurred due to culture problems (i .e. northern pike contamination) unweighted 
means are given to prevent biasing treatment means in the factorial arrangement of 
zooplankton and fertilizer treatments. Correlations were done using the Spearman Rank 
correlation (non-parametric) to avoid error from non-normal distributions. 
Survival percentages were checked for normality using the PROC UNIVARIATE 
command (SAS 1982). All of the distributions were found to be normally distributed. 
Therefore, transformation (arcsine) was not necessary and the standard F-test procedures 
were appropriate. 
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Table 3. Analysis of variance testing the influence of the number days cultured on survival , 
biomass, numbers, condition , length , and weight of fingerling walleye at Valley City 
National Fish Hatchery (VC) and Garrison Dam National Fish Hatchery (GD) in 1989 and 
1990 (P > F values) 
Parameter vc 1989 vc 1990 GD 1989 GD 1990 
Culture days (mean± sd) 42.5 ± 1.2 47.1 ± 2.8 28.8 ± 1.6 27.9 ± 0.8 
Affect on survival (%) 0.62 0.09* 0.26 0.94 
Affect on biomass (kg/hectare) 0.61 0 .98 0 .77 0.51 
Affect on number/hectare 0.62 0.10· 0 .17 0 .94 
Affect on condition (K) 0.26 0 .06* 0.04* 0 .55 
Affect on length (mm) 0.17 0 .04* 0 .01 • 0 .60 
Affect on weight (g) 0.57 o .o5· 0 .05• 0.35 
*Number of days of culture significantly (P :s; 0.10) affected this variable in these 
experiments 
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Filling 
Because the surface water supplies used at both hatcheries contained fish , the inflow 
water was screened with a fine mesh nylon sock (approximate mesh size 3.0 mm) to prevent fish 
from entering the ponds . Of course , the filter sock did not exclude most zooplankton . Pond filling 
started in early May at the VCNFH in 1989 and 1990 and the ponds were only used to produce one 
crop of fingerling walleye. At GDNFH, pond filling began in late May and early June 1989 and 1990 
following use of the ponds to produce fingerling northern pike. 
Stocking and Harvest 
At the VCNFH , in both 1989 and 1990, walleye fry were stocked three to nine days after 
pond filling. Fry were three days posthatch at stocking and were stocked at a density of 375 ,000 
per hectare in the 0.3 hectare ponds (112,500 fry/pond). After filling, water was added to the 
ponds as needed to maintain water levels or to increase dissolved oxygen concentrations which 
sometimes declined to low levels before sunrise . Fingerlings were harvested 39 to 52 days after 
stocking (mid- to late-June) . 
Ponds were double cropped at the GDNFH in 1989 and 1990 (i.e. a crop of northern pike 
was raised in them before the walleye) . After the northern pike fingerlings were harvested by pond 
draining, the ponds were left empty four to eight days, then refilled and stocked . Walleye fry were 
three days posthatch at stocking and were stocked at a density of 394,000 per hectare in the O .61 
hectare ponds (250,000 fry/pond) . Fingerlings were harvested 24 to 29 days later (early July) . In 
1989, pond levels were maintained throughout the study by addition of water from Lake 
Sakakawea. In 1990, after filling, water was not added to the ponds because rainfall was adequate 
to compensate for seepage and evaporation. 
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Vegetation Control 
In 1989, ponds at the VCNFH were treated with a pre-emergent application of Aquazine™ 
to control aquatic macrophytes one month prior to filling . The herbicide was applied at a rate of 1 .12 
kg/hectare by spraying a solution of the herbicide to the pond bottoms. A second AquazinerM 
application (2 mg/L) was made in half of the ponds during the fourth week of cultu re to control an 
outbreak of net algae (Hydrodicton) . 
In 1990, at VCNFH , Aquazine™ was not applied as a pre-emergent. However, copper 
sulfate was applied to all twelve of the ponds during the second week of culture at a rate of 0.4 
mg/Lin an attempt to control an outbreak of net algae. Because of regrowth of net algae, 
Aquazine™ was applied as a surface spray to eleven of the twelve ponds at a rate of 1. 7 mg/L 
during the fourth week of culture . 
In 1989, at GDNFH, low($ 3.0 mg/L) sunrise dissolved oxygen concentrations occurred in 
three of the ponds during the last week of culture (week four) . These ponds were treated with 
copper sulfate at 0.18 mg/Lon the day of the low oxygen levels and were then treated the next day 
with coper sulfate at 0.23 mg/L. In 1990, ponds at GDNFH did not require treatment with 
herbicides . 
Water Quality 
Weekly measurements of water quality were made at each hatchery in each year. Neither 
the average or the maximum-minimum (not shown) values were such to have influenced fish 
survival (Table 4) . 
Fertilization 1989 
Fertilization rates used in these experiments were based on the rates normally used at the 
respective hatcheries. The VCNFH normally fertilizes with alfalfa pellets at an application rate of 
approximately 800 kg/hectare and the GDNFH, which double cropped the ponds, normally uses 
alfalfa hay as fertilizer at an application rate of approximately 1500 to 1800 kg/hectare (Table 5). The 
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Table 4. Mean water quality values at Valley City National Fish Hatchery (VCNFH) and Garrison Dam 
National Fish Hatchery (GDNFH) in 1989 and 1990 
Temp. 0 . 0 . Unionized Nitrite Total 
Week (OC) (mg/L) NH3 (mg/L) pH (mg/L) Secchi (%)a alkalinity 
VQNFH 1989 
1 18.2 6 .3 0 .042 8 .5 0.0182 96 .5 
2 17.1 6.3 0 .027 8 .3 0.0186 85 .3 
3 12.4 7.4 0 .027 8.4 0.0297 88.7 
4 18 .2 4.8 0 .023 8.2 0.0184 80 .5 
5 19.2 6.9 0 .021 8.1 0.0127 80 .5 
6 22.4 6.2 0 .029 8 .3 0.0212 82 .7 
QDNFH 1989 
1 16.8 8 .4 0 .035 8.4 0.0262 63 .2 
2 17.6 8 .2 0 .025 8 .1 0.0194 69 .1 
3 19.3 6.4 0 .015 8.2 0.0194 69 .1 
4 23.4 6.3 0 .026 8.3 0 .0196 51 .3 
VQNFH 199Q 
1 11 .2 10 .1 0 .046 8 .6 0.1161 90 .3 201.8 
2 12 .3 7.9 0 .032 8 .6 0.0379 93.9 220.9 
3 15 .6 7.3 0 .007 8.4 0.0103 91 .4 232.0 
4 18 .1 8 .0 0 .051 8 .5 0.0045 86 .8 241 .2 
5 17.4 6.6 0 .054 8.6 0.0025 90.1 209 .7 
6 19 .1 7.1 0 .043 8.4 0.0028 84.8 200 .6 
QQ~FH 199Q 
1 15 .0 8 .8 0.002 8 .4 0.0022 30 .8 240.9 
2 21 .7 7.0 0 .003 8.3 0.0030 55 .9 229 .7 
3 21 .1 4.4 0.006 8 .4 0.0029 43 .5 225.5 
4 24 .2 6.1 0 .004 8.1 0.0041 43 .7 230 .2 
aPercent of maximum pond depth (1 .1 - 1.5 meters) 
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first application of organic fertilizers began shortly after pond filling was started, and applications 
were repeated at approximately nine day intervals until harvest. An exception to this schedule 
occurred at VCNFH in 1989, when fertilization was discontinued after the third week of culture due 
to low oxygen concentrations in some of the ponds. All three types of fertilizers were added on an 
equal biomass basis in 1989 (Table 5) . The fertilizers used in 1989 were chopped alfalfa hay, 
ground alfatta meal , and alfalfa pellets . All forms of alfatta had approximately the same nutrient 
content and were analyzed using standard analytical methods (AOAC 1984) (Table 6) . 
At GDNFH, the same types of alfalfa fertilizers were used but not at the same application 
rates as used at VCNFH (Table 5) because higher fertilization rates have traditionally been used at 
GDNFH than at VCNFH. 
Fertilization 1990 
Alfalfa pellets and soybean meal were used at VCNFH and alfalfa hay and soybean meal at 
GDNFH because they were the type traditionally used at each hatchery. In 1990, alfalfa pellets 
served as the control at VCNFH and alfatta hay at GDNFH. Soybean meal was the experimental 
fe rt ilizer at both hatcheries. At VCNFH , fertilization with soybean meal and alfalfa pellets was to be 
applied on a equal nitrogen basis . However, the fertilizers had to be applied before they could be 
analyzed; therefore, the rates of nitrogen application were not equal (Table 5) . The nitrogen 
application rates were 11.6% less for soybean meal than for alfalfa pellets. 
At GDNFH, 12 ponds were fertilized on an equal nitrogen basis (six with alfalfa hay and six 
with soybean meal) and three additional ponds were used to test soybean meal application at 
double the nitrogen levels. The fertilizers were applied on estimated nitrogen values , but the 
analysis was not completed until after the fertilizers were applied. Ponds fertilized with hay received 
1569 kg/hectare, and the ponds fertilized with soybean meal received 560 kg/hectare or 1232 
kg/hectare . Application of 1569 kg/hectare of alfalfa hay and 560 kg/hectare of soybean meal 
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Table 5. Fertilization application (appl) schedule used in ponds at Valley City National Fish 
Hatchery (VCNFH) and Garrison Dam National Fish Hatchery (GDNFH) in 1989 and 
1990 
ko Qf fe!:lilizer saQQlied Qer heQtare 
Fertilizer 
Type Appl 1 Appl 2 Appl3 Appl 4 Total kg N/hectare 
VQNFH1969 
Alfalfa Pellets 269 269 269 806 7 .86 
Alfatta Hay 269 269 269 806 5 .79 
Alfatta Meal 269 269 269 806 8 .97 
VQNFH199Q 
Alfalfa Pellets 202 202 202 202 808 9 .33 
Soybean Meal 75 75 75 75 300 8 .25 
GDNFH1969 
Alfalfa Pellets 523 523 523 327 1896 18 .13 
Alfalfa Hay 523 523 523 261 1830 17.84 
Alfatta Meal 523 523 523 1569 17.45 
GDNFH199Q 
Alfatta Hay 523 523 261 261 1569 13.83 
SBM (low appl} 187 187 93 93 560 15 .57 
SBM (high appl) 411 411 205 205 1232 34.26 
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Table 6. Analysis of organic fertilizers (on a wet weight basis) used in ponds at Valley City 
National Fish Hatchery (VCNFH) and Garrison Dam National Fish Hatchery (GDNFH) 
in 1989 and 1990 
Protein Lipids Carbohydrates Ash Moisture Total 
~ 
GD Hay 16.3 1.8 62 .9 11 .2 7.8 100 
VCHay 11 .5 1.3 34 .9 23 .1 29 .2 100 
VC Pellets 15 .6 1. 9 78 .1 11 .6 5.9 100 
GD Pellets 15 .6 1.9 78 .1 11 .6 5.9 100 
VC Altalfa Meal 17 .8 2.0 62.7 9.0 8.5 100 
GD Alfalfa Meal 17 .8 2.0 62.7 9.0 8.5 100 
19..9..Q 
VC Pellets 18 .5 1.4 62 .3 8.2 9.6 100 
VC Soybean meal 44 .0 1.2 37 .1 5.5 12.2 100 
GD Soybean meal 44 .5 0.8 37 .5 5.6 11 .6 100 
GD Hay 14.1 1 . 1 67.3 8.0 9.5 100 
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provided nearly equal application rates of nitrogen per hectare, 13.83 and 15.57 kg of 
nitrogen/hectare (1 1.2% more nitrogen in ponds fertil ized with soybean meal at a low rate), 
respectively . The high soybean meal application of 1232 kg/hectare (34.26 kg/hectare of nitrogen/ 
hectare) provided over twice the amount of nitrogen applied in the other ponds (Table 5). 
Zooplankton Inoculation 
In 1989, zooplankton were collected early in the season (prior to May 25 , 1989) with a 
pump and cage system similar to that described by Graves and Morrow (1988) . However, an air-lift 
pump was used in lieu of the propeller pump system. The air lift pump was selected because it was 
assumed to be less damaging to the zooplankton than the impeller pump. The inlet of the pump 
was operated at night under artificial light provided by a 100-watt bulb clamped to a post which 
supported the cage and pump system. Pump velocity was 2.0 liters per second. The sides of the 
cage were covered with a 0.5 mm screen which retained only the larger zooplankton. 
In 1989, the zooplankton inoculums used at both hatcheries were collected at VCNFH from 
a largemouth bass broodfish pond. At VCNFH, the zooplankton inoculum was added to the ponds 
within an hour after collection . The inoculum for GDNFH was placed in plastic bags to which oxygen 
was added. The bags were then sealed and transported to GDNFH and introduced into the ponds 
in approximately 4 hours. 
In 1990, zooplankton for the inoculums were collected by filtering inflowing water to 
raceways at each hatchery. This allowed for easier collections, lower transportation times , and 
made use of indigenous zooplankton. lnoculums used at VCNFH were filtered from water from 
Lake Ashtabula, and inoculums used at GDNFH were filtered from water from Lake Sakakawea. 
Filtering was done by placing screened containers with 0.5 mm openings under inflow pipes in 
raceways at the respective hatcheries. Basically, the zoo plankton inoculum used in 1990 at 
VCNFH was a concentrate of the zooplankton normally introduced during pond filling . 
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Table 7. Composition of the zooplankton inoculum used in ponds at Valley City National Fish 
Hatchery (VC) and Garrison Dam National Fish Hatchery (GD) in 1989 and 1990 
Hatchery I Mean Percent Grams/ Number 
Year Organism length (mm) comeosition hectare /Liter 
vc 1989 Daphnia pulex 2.29 94 .5 4 ,885 0.16 
0s12.hranticum labronectum 1.97 _u ~ Q.Jli 
Total 100.0 5 ,169 0.17 
vc 1990 Daphnia pulex 2.25 77.1 21 ,532 0.73 
Bosmina longirostris 0.48 0.4 1,117 0 .04 
Eucyclops agilis 1 .15 20 .4 5,697 0.19 
0s12.hranticum labronectum 1.83 ~ 503 .o..m 
Total 100.0 28,849 0 .99 
GD 1989 Daphnia pulex 2.41 .1JW.....Q Ll.5-9. .Q...11 
Total 100.0 1,559 0 .11 
GD 1990a Daphnia 13 .5 51 0.01 
Bosmina 19 .1 72 0.01 
Cyclopoida 64 .3 244 0.04 
Calanoida ___li --12 Q.Jli 
Total 100.0 379 0.07 
aunable to key to species or measure due to loss of stored samples. 
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The zooplankton inoculation was done during the first week after stocking. The amount of 
inoculum placed in the ponds was weighed to the nearest gram, and the number of zooplankton in 
the inoculum was estimated by weighing samples (± 0.1 mg) and then counting individuals in the 
sample . The estimated number of zooplankton in the samples was extrapolated to the number of 
zooplankton stocked (Table 7). Organisms were identified to genus and species when possible , 
and mean lengths were recorded. All of the inoculums consisted of cladocera (Bosmina and 
Daphnia) and copepods (cyclopoid and callanoid). 
Fish Collection 
As ponds were harvested (drained) , batches of 25-50 fish were collected with a dip-net 
from the catch basin located outside of the ponds . These samples of fish were fixed in 10% 
buffered formalin and later transferred to 70% alcohol. Mean length of fish at harvest was 
determined by measurement (± 0.5 mm) of 25 individual preserved fish . The length of the 
preserved fish was not corrected for shrinkage that may have occurred during preservation. 
Total biomass of fingerlings harvested was determined by weighing all fish collected in the 
outside catch basin . The number of fingerlings harvested was determined by making three to four 
sample counts of the number of fingerlings per kilogram and multiplying this average times the 
number of kilograms removed. The percent survival was calculated by dividing the number of fish 
harvested by the number of fish stocked. 
Mean weight of fingerlings at harvest was calculated by dividing the kg of fingerlings 
harvested from each pond by the number of fingerlings removed from that pond. The mean live 
weight derived from these calculations was used in conjunction with mean length measurements of 
preserved fish to calculate mean condition factors (K) for fingerlings from each pond. 
Condition Factor (K)= Average weight /gl x 1 o5 
length3 (mm) 
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RESULTS 
Prey Densities 
Weekly measurements of prey populations were made at each hatchery in each year. Prey 
densities were always above 100/L and should have provided adequate food resources 
throughout the culture interval ( Figure 1) . 
Overall Results 
The overall means of all four experiments were calculated by unweighted means 
analysis disregarding the affect of treatments (Table 8). The data from both hatcheries in 1989 
and 1990, were combined and analyzed as if one experiment was done , these results are 
labelled" Pooled Results " (Tables 9 and 10). The data were analyzed by fertilizer treatment 
and zooplankton treatment separately because there were not significant interactions between 
these treatments in any of the tests . The data from the individual experiments were analyzed 
separately and these results are labeled by hatchery and year. 
Survival 
Pooled Results 
Ponds receiving inoculation had lower survival (P = 0.10) than ponds without 
inoculation (Table 9). Among the various fertilizer treatments, the highest survival (62.5 %) was 
from ponds fertilized with alfalfa hay, while the lowest survival (44.4%) was from ponds fertilized 
with the low rate of soybean meal, however, FERT treatment differences were not significant 
(Table 10). 
Individual Experiment Results 
VCNFH 1989 Neither ZP or FERT treatments had a significant affect on survival (P $ 
0.10) (Table 11 ). Survival by individual ponds ranged from 42.7% to 96.0%, the mean was 
70.7% of 1.38 million fry stocked. A substantial difference (27%) in survival occurred between 
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Figure 1. Weekly mean prey densities of copepods, cladocerans, and chironomids at Valley City 
National Fish Hatchery (VCNFH) and Garrison Dam National Fish Hatchery (GDNFH) 
in 1989 and 1990. 
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Table 8. Unweighted mean fingerling surviva l, production , and condition at Valley City 
National Fish Hatchery (VCNFH) and Garrison Dam National Fish Hatchery 
(GDNFH) in 1989 and 1990 
Hatchery Survival Number/HA kg/hectare K Factor 
GDNFH 1989 50 .7 212 ,112 37 .8 0 .93 
GDNFH 1990 51 .1 207 ,188 54 .1 0.94 
VCNFH 1989 70 .7 265 ,514 50.1 0.85 
VCNFH 1990 ~ 162,524 .4lL8. ~ 
Overall Mean 53 .9 211 ,834 45 .7 0.89 
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Table 9. Means and standard deviations for survival , biomass (kg/hectare) , number/hectare, 
condition factor , mean length , and mean weight of fingerling walleye harvested at Valley 
City National Fish Hatchery (VCNFH) and Garrison Dam National Fish Hatchery (GDNFH) in 
1989 and 1990 in relation to zooplankton inoculation using analysis of co-variance to adjust 
for the number of culture days 
ZOCQaii<!Qn lra:ula!ion 
Parameter Without ZP With ZP P>F 
Survival 58 .5 ± 20 .9 49 .3 ± 21.8 0.10 
Biomass 53.4 ± 18.4 39.4 ± 16.4 0.03 
Number/hectare 225 ,725 ± 80 ,578 188,346 ± 81 ,288 0.08 
Condition (k) 0.88 ± 0.16 0.92 ± 0.25 0.34 
Length (mm) 32 .8 ± 4.4 31 .7 ± 4.6 0.68 
Weight (g) 0.31 ± 0.10 0.30 ± 0.14 0.78 
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Table 10. Means and standard deviations for survival , biomass (kg/hectare), number/hectare, 
condition factor , mean length , and mean weight of fingerling walleye harvested at Valley 
City National Fish Hatchery (VCNFH) and Garrison Dam National Fish Hatchery (GDNFH) in 
1989 and 1990 in relation to type of fertilizer using analysis of co-variance to adjust for the 
number of culture days 
Fectiizei:T~ 
Para.mete[ Pellets 
.!::!.'1J'. Me.a! S6M-IQW S6M-high P>F 
Survival 49.8 ± 26.4 62.5 ± 17.5 57 .9 ± 15.4 44.4 ± 22.5 55.4 ± 26.7 0.47 
Biomass 41 .9± 19.2 46.4 ± 15.4 48.7 ± 16.7 44.0 ± 20.1 67.5 ± 26.5 0.42 
Number/HA 1.87 ±.0.97 2.42 ± 0.66 2.22 ± 0.54 1.73 ± 0.88 2.20 ± 1.06 0.30 
( X 105) 
Condition (k) 0.88 ± 0.21 0.87±0.19 0.93±0.14 0.96 ± 0.31 0.89 ± 0.20 0.90 
Length (mm) 32.7 ± 5.0 30.6 ± 4.4 30 .8 ± 3.0 33.7 ± 4.3 35.9 ± 4.0 0.28 
Weight (g) 0.31 ±0.10 0.25 ± 0.11 0.27 ± 0.07 0.38 ± 0.17 0.39 ± 0.06 0 .11 
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Table 11 . Survival (%) of walleye from fry to fingerling at Valley City National Fish Hatchery (VCNFH) 
and Garrison Dam National Fish Hatchery (GDN FH) in 1989 and 1990 in relation to 
zooplankton (ZP) inoculation and organic fertilization using number of cu lture days as a 
covariate 
Zocparj<ton T ~ pf Qroaric: Fertiizer 
VQNFH 1989 Alfalfa Pellets Alfalfa Hay Alfalfa Meal lnQQ!.!latiQn means 
Without 86 .1 68 .7 78.2 63 .6 
With ~ ~ ~ 77.7 
Fertilizer means 75.9 67.5 68 .6 70.7 
GDNFH 1989 Alfalfa Pellets Alfalfa Hay Alfalfa Meal lnQQ!.!latiQn means 
Without 63.9 51 .3 55 .6 56 .9 
With ~ .4.92 ~ 44 .5 
Fertilizer means 55 .3 50 .5 46 .2 50 .7 
VQNFH 199Q Alfalfa Pellets Soybean meal low lnQQ!.!latiQn means 
Without 40 .8 53.1 46 .9 
With .4.Q..j_ ~ ~ 
Fertilizer means 40.4 45 .9 43 .1 
GQ~FH 199Q Alfalfa Hay Soybean Meal low Soybean Meal high lnQQulatiQn means 
Without 73 .5 56 .0 55.4a 64 .7 
With ~ ~ ~ 
Fertilizer means 60 .9 40 .7 55.4a 50 .8 
aoata point not included in calculation of zooplankton inoculation mean or the overall mean 
due to lack of randomization . 
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ponds fertilized with alfalfa pellets without inoculation (86.1 %) and ponds fertilized with alfalfa 
meal receiving inoculation (59.1%) . Although not significant (P < 0.10) , ponds inoculated with 
zooplankton had 14.1% higher survival (77.7%) than ponds not inoculated (63.6%) . 
GDNFH 1989 Neither ZP or FERT treatments had a significant affect on survival (P ::;: 
0.10) (Table 11 ). Survival in individual ponds ranged from 24.4% to 75.6%, the mean was 
50.7% of the 3.0 million fry stocked. The highest overall survival (63.9%) was in ponds 
fertilized with alfalfa pellets without inoculation; the lowest overall survival was in ponds fertilized 
with alfalfa meal receiving zooplankton inoculation (36.9%). Although not significant (P < 0.10) , 
ponds without inoculation had 12.4% higher mean survival (56.9%) than ponds with 
zooplankton inoculation (44 .5%) . 
VCNFH 1990 Neither ZP or FERT treatments had a significant affect on survival (P::;: 
0.10) (Table 11). Survival in individual ponds ranged from 15.7% to 83.5%, the mean was 
43.1 % of the 1.03 million fry stocked. The highest overall mean survival (53.1 %) was in ponds 
fertilized with soybean meal and not inoculated with zooplankton and the lowest overall survival 
was in ponds fertilized with soybean meal and inoculated with zooplankton (38.8%) . 
GDNFH 1990 Neither ZP or FERT treatments had a significant affect on survival (P::;: 
0.10) (Table 11). Survival from fry to fingerling ranged from 3.0% to 80.9% and the mean was 
50 .8% of the 2.75 million fry stocked . Although not significant (P < 0.10) , a substantial 
difference (27.8%) in survival occurred in ponds without inoculation (64.7%) and ponds 
reciving inoculation (36.9%) . 
Fingerling Biomass 
Pooled Results 
Ponds receiving zooplankton inoculation (42 .7 kg/hectare) produced less biomass of 
fingerlings (P = 0.03) than ponds without zooplankton inoculation (54.9 kg/hectare) (Table 9) . 
In the FERT treatments, soybean meal applied at a high rate produced the most biomass of 
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fingerlings (67.5 kg/hectare) and the lowest biomass was produced in ponds fert ilized with 
alfalfa pellets (41 .9 kg/hectare). However, the difference in biomass harvested due to FERT 
type was not significant (Table 10). 
Individual Experiment Results 
VCNFH 1989 The biomass of fingerlings produced (kg/hectare) was affected (P~ 
0.05) by zooplankton inoculation but not by FERT treatments (Table 12). Harvest from ponds 
receiving the zooplankton inoculation treatment (39.3 kg/hectare) was lower (P ~ 0.05) than 
harvest from ponds without the inoculation treatment (61 .0 kg/hectare) . Among the three 
alfalfa fertilizers production was highest in ponds fertilized with alfalfa meal (58.7 kg/hectare) 
and production was the lowest in ponds fertilized alfalfa hay (38.3 kg/hectare). Biomass 
produced within individual ponds ranged from 28.1 to 76.5 kg/hectare and averaged 50 .1 
kg/hectare overall. 
GDNFH 1989 Production in ponds receiving inoculation (31 .8 kg/hectare)was lower 
(P~ 0.10) than production from ponds without inoculation (44.7 kg/hectare) and the fertilizer 
treatments did not affect production (Table 12) . Among the three alfalfa fertilizers , production 
was highest in ponds fertilized with alfalfa pellets (39.6 kg/hectare) and production was the 
lowest in ponds fertilized alfalfa hay (35.6 kg/hectare) . Biomass produced within individual 
ponds ranged from 20.8 to 53.7 kg/hectare and averaged 37.8 kg/hectare overal l. 
VCNFH 1990 The biomass of fingerlings harvested was not affected by FERT or ZP 
treatments (Table 12) . Production within individual ponds ranged from 14.7 to 75.3 kg/hectare 
and averaged 40.8 kg/hectare overall. Although not significant, soybean meal fert ilizer yielded 
higher mean production (44.4 kg/hectare) than alfalfa pellets (37.3 kg/hectare) and ponds 
without inoculation had higher production (44.9 kg/hectare) than ponds receiving inoculation 
(36.7 kg/hectare). 
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Table 12. Biomass production (mean kg/hectare) of fingerling walleye at Valley City National Fish 
Hatchery (VCNFH) and Garrison Dam National Fish Hatchery (GDNFH) in 1989 and 1990 as 
affected by zooplankton (ZP) inoculation and organic fertilization using analysis of co-
variance to adjust for the number of culture days 
Zcxpartston T~QfQroaric F~!liiz~ 
VCNFH 1989 Alfalfa Pellets Alfalfa Hay Alfatta Meal Inoculation meansa 
Without 71 .7 41.2 70 .1 61 .0 
With ~ ~ ~ ~ 
Fertilizer means 53 .3 38.3 58 .7 50 .1 
GQ~FH 1989 Alfalfa Pellets Alfalfa Hay Alfatta Meal Inoculation meansb 
Without 50 .2 33.6 50 .3 44.7 
With ~ ~ ~ ~ 
Fertilizer means 39.6 35 .6 39 .4 37 .8 
VC~FH 199Q Alfalfa Pellets Soybean meal Inoculation means 
Without 42 .2 47 .7 44.9 
With ~ .1.L.1 ~ 
Fertilizer means 37 .3 44.4 40 .8 
GDNFH 199Q Alfalfa Hay Soybean Meal low Soybean Meal high Inoculation means 
Without 62 .7 56 .4 67 .5C 
With .6..1.A .ll...Q 
Fertilizer means 63 .5 43.7 67.5c 
a Treatment means are significantly different at probability~ 0.05. 
bTreatment means are significantly different at probability~ 0.10 . 
59 .5 
47.7 
53.6 
coata point not included in calculation of zooplankton inoculation mean or the overall mean 
due to lack of randomization. 
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GDNFH 1990 The biomass of fingerlings produced (kg/hectare) was not affected (P ::; 
0.10) by FERT or ZP treatments (Table 12). Production averaged 54.1 kg/hectare and the 
highest production was from ponds fertilized with alfalfa hay without inoculation (65.5 
kg/hectare). 
Fingerlings Harvested per Hectare 
Pooled Results 
Ponds receiving zooplankton inoculation (188,346 fingerlings/hectare) produced 
fewer fingerlings (P = 0.08) than control ponds (225,725 fingerlings /hectare) (Table 9). FERT 
treatment did not affect production (P > 0.10), but a substantial difference occurred between 
ponds fertilized with alfalfa hay (242,000/hectare) and ponds fertilized with soybean meal at a 
low rate (173 ,000) (Table 10) . 
Individual Experiment Results 
VCNFH 1989 The mean number of fingerlings produced per hectare in all ponds 
averaged 265,514. Production (number/hectare) was not affected by FERT or ZP treatments 
(Table 13) . Although not significant , a there was a substantial difference in production 
between ponds without zooplankton inoculation produced more fingerlings (291 ,667/hectare) 
than ponds with zooplankton inoculation (239,362/hectare) . 
GDNFH 1989 The mean number of fingerlings produced per hectare averaged 
212,112. The number of fingerlings harvested (number/hectare) was not affected by FERT or 
ZP treatments (Table 13). Although not significant, ponds without inoculation produced 
23.1% more fingerlings (255,137/hectare) than ponds receiving inoculum (169,088/hectare) . 
YCNFH 1990 At VCNFH in 1990, the mean number of fingerlings produced per 
hectare averaged 162,524. The number of fingerlings produced (number/hectare) was not 
affected by FERT or ZP treatment (Table 13). Although not significant , ponds without 
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Table 13. Production (number/hectare)of fingerling walleye at Valley City National Fish Hatchery 
(VCNFH) and Garrison Dam National Fish Hatchery (GDNFH) in 1989 and 1990 as affected 
by zooplankton (ZP) inoculation and organic fertilization using analysis of co-variance to 
adjust for the number of culture days 
ZQQQ!ankton TJ'.~ Qf QrganiQ Fe!lilizer 
VQNFH 1989 Alfalfa Pellets Alfalfa Hay Alfalfa Meal Inoculation means 
Without 318 ,159 268 ,128 288 ,743 291 ,667 
With 242,083 257,796 218,207 239,362 
Fertilizer means 280 ,121 262 ,962 253,476 265 ,514 
GQNFH 1989 Alfalfa Pellets Alfalfa Hay Alfalfa Meal Inoculation means 
Without 248,344 190 ,507 236,561 255 ,137 
With 183,588 185,050 138,627 169,088 
Fertilizer means 187,779 215 ,965 187,594 212 ,112 
VQNFtl 1989 Alfalfa Pellets Soybean meal Inoculation means 
Without 150 ,507 207 ,249 178,878 
With 149,076 143,263 146,170 
Fertilizer means 149,791 175,256 162 ,524 
GQNFtl 1990 Alfalfa Hay Soybean Meal low Soybean Meal high Inoculation means 
Without 293,011 223,535 220 ,736a 245 ,761 
With 192,701 101 z 768 147,234 
Fertilizer means 242,836 162 ,651 220,736a 196,497 
aoata point not included in calculation of zooplankton inoculation mean or the overall 
mean due to lack of randomization . 
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zooplankton inoculation treatment had higher production ( 178,878/hectare) than ponds with 
inoculation treatment (146,170/hectare) . 
GDNFH 1990 The mean number of fingerlings produced per hectare averaged 
196,497. Production (number/hectare) was not affected by FEAT or ZP treatment (Table 13) . 
Although not significant, the mean number of fingerlings produced in ponds fertilized with 
alfalfa hay (242 ,836/hectare) was higher than the number of fingerlings produced in ponds 
fertilized with soybean meal at a low rate (162,652/hectare) and soybean meal at a high rate 
(220,736/hectare) and ponds with zooplankton inoculation (147,234/hectare) produced less 
than ponds without zooplankton inoculation (245,761 /hectare). 
Condition Factor of Fingerlings at Harvest 
Pooled Results 
Fingerlings from ponds treated with zooplankton inoculation (0.92 K) had higher 
condition factors than fingerlings from ponds without zooplankton inoculation (0 .88 K), 
however this difference was not significant (Table 9). Among the various fertilizers the highest 
condition factor for fingerlings was from ponds fertilized soybean meal applied at a low level 
(0.96 K) and the lowest was in ponds fertilized with alfalfa hay (0 .87 K) , however, the type of 
fertilizer used did not have a significant affect on condition (Table 10) . 
Individual Experiment Results 
VCNFH 1989 The mean condition factor of fingerlings averaged 0.85 K. The 
condition factor of fingerlings harvested was not affected by FEAT or ZP treatments (Table 14) . 
There was a substantial difference in the condition of fingerlings from ponds without 
zooplankton inoculation (0 .93) than fingerlings from ponds with zooplankton inoculation 
(0.78 K) . 
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Table 14. Condition factor of fingerling walleye at Valley City National Fish Hatchery (VCNFH) and 
Garrison Dam National Fish Hatchery (GDNFH) in 1989 and 1990 as affected by 
zooplankton (ZP) inoculation and organic fertilizat ion using analysis of co-variance to adjust 
for the number of culture days 
Zooj;)laIBton T~Qe Qf QrQaniQ Fetlilizer 
VQNFH 1969 Alfalfa Pellets Alfalfa Hay Alfalfa Meal Inoculation means 
Without 0.95 0.77 1.06 0 .93 
With ~ Q..29 ~ Q2a 
Fertilizer means 0.75 0.78 1.03 0 .85 
GQNFH 1969 Alfalfa, Pellets Alfa,lfa, Ha,~ Alfalfa Meal lnQQUlatiQn meansa 
Without 0 .69 1.03 0.79 0 .83 
With 0.93 1.09 1.07 1.03 
Fertilizer means 0.81 1.06 0.92 0.93 
VQNFH 199Q Alfalfa Pellets Soybean meal Inoculation means 
Without 0.97 0.75 0 .86 
With .Qfil ~ Q....8..5. 
Fertilizer means 0 .89 0.81 0.85 
GQNFH 199Q Alfalfa Hay Soybean Meal low Soybean Meal high Inoculation means 
Without 0.79 0.81 0.89b 0 .80 
With ~ ~ .L.Q..9 
Fertilizer means 0.83 1.05 0.89b 0 .94 
arreatment means are significantly different at probability:; 0.05. 
boata point not included in calculation of zooplankton inoculation mean or the overall mean 
due to lack of randomization . 
37 
GDNFH 1989 The mean condition factor of fingerlings averaged 0.93 K. The 
condition factor of fingerlings was significantly affected by ZP but not FERT treatments (Table 
14) . Fingerlings harvested from ponds with zooplankton inoculation (1 .03) had significantly (P 
:,; 0.05) higher condition factors than fingerlings harvested from ponds without zooplankton 
inoculation (0 .83) . 
VCNFH 1990 The overall mean condition factor averaged 0.85 K. The condition 
factor of fingerlings at harvest was not affected by FERT or ZP treatments (Table 14) . 
GDNFH 1990 The mean condition factor of fingerlings averaged 0.94 K. The 
condition factor of fingerlings at harvest was not significantly affected by FERT or ZP treatments 
(Table 14) . Fingerlings with the highest condition factor were from ponds fertilized with 
soybean meal receiving inoculum (1 .30) . A substantial difference in condition factors between 
ponds fertilized with soybean meal (1.05 and 0.89) than they were in ponds fertilized with alfalfa 
hay (0 .83) and fingerlings from ponds with zooplankton inoculation (1 .09) and fingerlings from 
ponds without zooplankton inoculation (0 .80) . 
Length at Harvest 
Pooled Results 
Although the difference was not significant (P:,; 0.10), fingerlings harvested from 
ponds with inoculation (31 . 7 mm) were shorter than fish from ponds without inoculation (32.8 
mm) (Table 9) . The highest mean length among the various fertilizers was found in ponds 
fertilized with soybean meal at a low rate (35.9 mm) and the lowest was found in ponds fertilized 
with alfalfa hay (30.6 mm) but, the type of FERT used did not have a significant affect on mean 
length (P:,; 0.10) (Table 10). 
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Individual Experiment Results 
VCNFH 1989 The mean length (mm) of fingerlings at harvest was not significantly 
affected by FERT or ZP treatments (Table 15). Alfalfa pellets yielded the highest overall mean 
length (31.9 mm) of the alfalfa fertilizers tested. The mean length of fingerlings produced 
averaged 30.6 mm. 
GDNFH 1989 The mean length of fingerlings at harvest was affected by ZP treatment 
but not by the fertilizer treatments (Table 15) . Fingerlings harvested from ponds without 
inoculation (31 .1 mm) were longer (P =:; 0.05) than fingerlings harvested from ponds with 
inoculation (28.6 mm). The mean length of fingerlings produced averaged 29 .8 mm overall. 
VCNFH 1990 The mean length of fingerlings at harvest was not affected by FERT or 
ZP treatments (Table 15) . The overall mean length averaged 33 .9 mm. The longest fingerlings 
were from ponds fertilized with soybean meal without inoculation (34.1 mm) . Ponds without 
inoculation (34.1 mm) had higher mean lengths than ponds with inoculation (33 .7 mm). 
GDNFH 1990 There was not an affect on mean length by FEAT or ZP treatments 
(Table 15). The longest fingerlings were from ponds fertilized with alfalfa hay with inoculation 
(36.4 mm). The mean lengths were higher in ponds fertilized with soybean meal applied at a 
high rate (35.9 mm) than they were in ponds fertilized with alfalfa hay (34.4 mm) or soybean 
meal applied at a low rate (34.6 mm) . Ponds without inoculation produced shorter fingerlings 
(33.8 mm) than ponds with inoculation (35.2 mm). The mean length of fingerlings averaged 
34.5 mm overall. 
Weight at Harvest 
Pooled Results 
There were not significant differences in the mean weight of fingerlings produced in 
ponds receiving inoculation (0 .30 g) or without inoculum (0 .31 g) (Table 9) . Among the various 
fertilizers , the heaviest fingerlings were produced in ponds fertilized with soybean meal (0 .39 
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Table 15. Mean length (mm)of fingerling walleye at Valley City National Fish Hatchery (VCNFH) and 
Garrison Dam National Fish Hatchery (GDNFH) in 1989 and 1990 as affected by 
zooplankton (ZP) inoculation and organic fertilization using analysis of co-variance to adjust 
for the number of culture days 
Zooplarkton TJ'.Re Qf QrQaoiQ Fe!lilizer 
VQNFH 1969 Alfalfa Pellets Alfalfa Hay Alfalfa Meal Inoculation means 
Without 30 .9 29 .6 30 .5 30.3 
With ~ ~ ~ ;llJl 
Fertilizer means 31 .9 29 .7 30 .3 30.6 
GDNF!j 1969 Alfalfa Pellets Alfalfa Hay Alfalfa Meal Inoculation meansa 
Without 32 .6 28.1 32.7 31 .1 
With £6....5. ~ ~ ~ 
Fertilizer means 30 .5 28 .4 30 .5 29.8 
VQ~FH 199Q Alfalfa Pellets Soybean meal Inoculation means 
Without 33 .6 33 .7 33 .7 
With ~ ~ ~ 
Fertilizer means 33 .9 33.9 33 .9 
GQ~FH 199Q Alfalfa Hay Soybean Meal low Soybean Meal high Inoculation means 
Without 32 .4 35 .2 35 _9b 33 .8 
With ~ ~ ~ 
Fertilizer means 34 .4 34 .6 35_9b 34 .5 
aTreatment means are significantly different at probability~ 0.05. 
boata point not included in calculation of zooplankton inoculation mean or the overall mean 
due to lack of randomization . 
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g) applied at a high rate and the lightest fingerlings were produced in ponds fertil ized with alfalfa 
hay (0.25 g), but the type of fertilizer used did not have an affect on mean weight (Table 10). 
Individual Experiment Results 
VCNFH 1989 The mean fingerling weights averaged 0.25 g overall. The mean 
weight of fingerlings at harvest was affected (P $ 0.10) by FERT treatment but not ZP treatment 
(Table 16). Duncan's multiple range test was used to show that alfalfa meal yielded higher 
mean weights than alfalfa hay but not higher than alfalfa pellets . 
GDNFH 1989 The overall mean weight averaged 0.26 g. The mean weight of 
fingerlings at harvest was not affected by ZP or FERT treatments (Table 16). The heaviest 
fingerlings were produced in ponds fertilized with alfalfa meal without inoculation (0.28 g) . 
VCNFH 1990 The overall mean fingerling weight averaged 0.32 g. The mean weight 
of fingerlings at harvest was not affected by ZP or FERT treatment (Table 16). The highest 
mean weight was in ponds fertilized with soybean meal with inoculation (0 .36 g) . The lowest 
mean fingerling weights were in ponds fertilized with soybean meal without inoculation 
(0 .29 g). 
GDNFH 1990 At GDNFH in 1990, the overall mean fingerling weight averaged 0.40 g. 
The mean weight of fingerlings at harvest was not affected (P< 0.10) by ZP or FERT treatment 
(Table 16). The highest mean fingerling weights were in ponds fertilized with soybean meal 
with inoculation (0 .52 g) . The lowest mean fingerling weight were from ponds fertilized with 
alfalfa hay without inoculation (0 .27 g) . Although not significant, the mean weights were higher 
in ponds fertilized with soybean meal (0.44 g) than they were in ponds fertilized with alfalfa hay 
(0.35 g) and fingerling from ponds with inoculation (0.43 g) had higher mean weights than 
fingerlings from ponds without inoculation (0.34 g) . 
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Table 16. Mean weight (grams)of fingerling walleye at Valley City National Fish Hatchery (VCNFH) and 
Garrison Dam National Fish Hatchery (GDNFH) in 1989 and 1990 as affected by 
zooplankton (ZP) inoculation and organic fertilization using analysis of co-variance to 
adjust for the number of culture days 
Z~an<tQn T~ Qf Qrr.;iariQ Fetlilizer 
VQ~FH 1989 Alfalfa Pellets Alfalfa Hay Alfalfa Meal Inoculation means 
Without 0.28 0.20 0.30 0.26 
With ~ Q...11 Q...ll Q_gJ_ 
Fertilizer meansa b 0.24 BA 0.19 B 0.29 A 0 .25 
GDNFH 1989 Alfalfa Pellets Alfalfa Hay Alfalfa Meal Inoculation means 
Without 0.25 0.23 0.28 0 .26 
With ~ Q...ll ~ ~ 
Fertilizer means 0.23 025 0.27 0 .26 
~Q~FH 199Q Alfalfa Pellets $Qybean meal lnQQUlatiQn means 
Without 0.35 0.29 0.31 
With ~ ~ ~ 
Fertilizer means 0.34 0.33 0.32 
GQNFt:l 199Q Alfalfa Hay Soybean Meal low Soybean Meal high Inoculation means 
Without 0.27 0.37 0.40C 0 .34 
With Q.& ~ .QAZ 
Fertilizer means 0.35 0 .44 0.40C 0.40 
aTreatment means are significantly different at probability:::; 0.10. 
bThe Duncan multiple comparison test was used to determine differences between means at 
each treatment level. Means with the same capital letters are not significantly different. 
coata point not included in calculation of zooplankton inoculation mean or the overall mean 
due to lack of randomization . 
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Relationship of Survival to Prey Organisms 
Spearman Rank Correlation analysis was used to determine if survival of fingerlings 
could be correlated to prey abundance (Table 17 and 18). In 1989, the only significant 
correlation was between survival and cladoceran density during the fourth week of culture at 
VCNFH and in the third week of culture at GDNFH, there was a negative correlation between 
copepod density and survival at GDNFH during the fourth week of culture (Tables 17 and 18). 
At VCNFH, in 1990, there was direct correlation between fingerling survival and the abundance 
of copepods in the second week of culture, abundance of cladocerans in the fourth week of 
culture , and chironomid abundance in the sixth week of culture. At GDNFH in 1990, there were 
negative correlations between copepod abundance in the second and third week of culture , 
but a positive correlation between cladocera abundance and survival in the third week of 
culture. 
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Table 17. Survival of fingerling walleye in relation to mean prey densities at Valley City National 
Fish Hatchery (Spearman Rank Correlation Coefficients , rs) for 12 ponds in 1989 and 
9 ponds in 1990. 
Week Year Copepoda Cladocera Chironomidae 
2 
3 
4 
5 
6 
1989 
1990 
1989 
1990 
1989 
1990 
1989 
1990 
1989 
1990 
1989 
1990 
*Significant at 0.1 0 level 
**Significant at 0.05 level 
0.30 
-0 .03 
0.06 
0.80** 
-0 .41 
0.52 
-0 .02 
0.12 
0.13 
-0 .04 
0.48 
-0.52 
-0.05 
-0 .10 0.56 
0 .27 
-0.45 0.36 
-0.35 
0.73** 0 .22 
0.67** 
0 .52 0.22 
-0.24 
-0 .01 0.50 
0 .31 
-0 .36 0.83** 
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Table 18. Survival of fingerling walleye in relation to mean prey densities at Garrison Dam 
National Fish Hatchery (Spearman Rank Correlation Coefficients, rs) for 12 ponds in 
1989 and 11 ponds in 1990. 
Week Year 
1 
2 
3 
4 
1989 
1990 
1989 
1990 
1989 
1990 
1989 
1990 
*Significant at 0.10 level 
**Significant at 0.05 level 
Copepoda 
0.04 
-0 .49 
-0.25 
-0 .74** 
-0.06 
-0.76** 
-0.77* 
-0 .64 
Cladocera Chironomidae 
0 .32 
0 .03 0.32 
-0 .50 
-0.31 -0 .31 
0.50* 
0.59* -0 .14 
-0.14 
0 .53 0 .32 
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DISCUSSION 
Production of fingerling fish may be increased by application of inorganic and organic 
forms of fertilizers ( Dobie 1956; Metzger and Boyd 1980 ; Geiger 1983; Fox and Flowers 1990). 
In practice , however, both the type and quantity of fertilizer used varies from hatchery to 
hatchery . Researchers using organic fertilizers apply various amounts of different organic 
material (horse manure, sheep manure , brewers yeast , soybean meal , bermuda grass, chicken 
manure, cottonseed meal) to provide nutrients to the prey community (Beyerle 1979 ; Geiger 
1983; Fox 1989) . 
Fertilization, however, can cause problems in aquatic systems such as undesirable 
abundances of blue green and filamentous green algae (Piper et al. 1982). Often excess algae 
lead to problems in maintaining adequate oxygen levels and may lead to high mortality of 
fingerlings (Richard and Hynes 1986) . Fertilizer decomposition and release characteristics may 
also affect performance (Barkoh and Rabeini 1990) . 
In this study, the pooled data did not indicate any differences between the fertilizer 
types , and separate analysis for each hatchery and year were indicated only a few production 
differences due to fertilizer treatment . None of the measures of production were significantly 
higher in ponds fertilized with twice as much nitrogen (soybean meal applied at a higher rate), 
therefore nitrogen application rates may be less important than total biomass of organic fertilizer 
applied . Survival percentage and numbers of fingerlings harvested were each only affected by 
fertilizer type at GDNFH in 1990 and on both occasions alfalfa hay gave better results than 
soybean meal. The mean weight of fingerlings harvested was only affected at VCNFH in 1989 
and on this occasion alfalfa meal gave better results than alfalfa hay. The biomass, condition 
factor, and mean length of fingerlings produced was not significantly affected by type of 
organic fertilizer in any of the individual experiments. 
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There is generally a positive relationship between fingerling production (kg/hectare) 
and fry stocking density . Fox and Flowers ( 1990) found that the higher the stocking density , 
the lower survival and size at harvest will be . Richard and Hynes (1986) recommend stocking 
40 fry/m3 but also caution that optimum stocking rates will vary dependent on fertility of the 
water and the size and number of fingerlings desired. Fox and Flowers (1990) found that the 
number of fingerlings produced was maximized at fry stocking densities of 60 fry/m3 but that 
survival and size of fingerlings harvested was maximized at fry stocking densities of 20 fry/m3. 
Beyerle (1979) reported high survival and growth (50 mm fingerlings in 6-7 weeks with 90% 
survival) in ponds stocked at 3.5 fry/m3 . Therefore , a stocking density of around 40 fry/m3 
should provide the optimum size and number of fingerlings in most pond culture situations. 
The stocking density used in our study ranged from 37 to 39 fry/m3 , near optimum according to 
the literature. Zooplankton densities were maintained above 100/L throughout the culture 
period as suggested by some researchers (Mathias and Li 1982; Krise and Meade 1986). 
The average survival (53.9%) observed in this study is higher than the 43.3% survival 
reported by Fox et al. ( 1989) but lower than the 73.1 % survival reported by Fox and Flowers 
( 1990) . Buttner and Kirby ( 1986) stocked ponds at approximately 12 fry/m3 and reported 54% 
survival. Higher stocking rates may allow production of more fingerlings without significant 
losses in survival in ponds filled with water which is highly fertile . Therefore , our results suggest 
that the type of fertilizers used at hatcheries which fill their ponds with water from surface 
reservoirs may be less important than the stocking density which is used. The water used to fill 
ponds at VCNFH and GDNFH (Lake Ashtabula, Lake Sakakawea, and Riverdale Spillway Lake) 
is apparently sufficient in nutrients and food particles to fulfill the food requirements for a 
satisfactory zooplankton population, thus reducing the importance of fertilization . 
More over, fertilization may have more impact if ponds are filled with water from wells 
instead of from surface reservoirs. There probably would be little zooplankton in the inflow 
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water from a well and fertilization would be of greater use in stimulating the zooplankton 
population . 
When data were pooled from all the experiments it was found that use of zooplankton 
inoculation significantly reduced survival , kg/hectare produced , and the number of fingerlings 
produced per hectare. It was surprising to find lower survival and production in ponds 
supplemented with zooplankton inoculums since the method is believed to increase forage for 
fingerlings and thus increase all aspects of fingerling vigor (Geiger 1983; Buttner and Kirby 
1986) . Zooplankton were present in all of the water supplies used in this study so th at when 
the ponds were filled and anytime water was added zooplankton populations in the ponds were 
supplemented. The species composition of the inoculums was primarily cladocerans and 
copepods but the organisms used for seeding were generally larger than 2.0 mm which is 
reportedly the very largest zooplankton first-feeding walleye can consume (Mathias and Li 
1982; Krise and Meade 1986) . 
Zooplankton densities were never below 100 organisms/L regardless of treatment. 
Therefore , it is possible that when prey abundance surpasses 100 organisms/L the additional 
food resource is not utilized by fingerling walleye . Since the zooplankton inoculations were 
small in comparison to the overall numbers of zooplankton in the ponds it is unlikely that they 
made a difference in the overall zooplankton abundance in the ponds. 
Richard and Hynes (1986) recommend that walleye culture ponds be inoculated at the 
beginning of a culture season or when zooplankton populations suddenly decline below a 
target level of 100 to 150 organisms/liter. They recommend sewage lagoons as collection 
sources for zooplankton inoculum. It is assumed that zooplankton inoculation is done to 
provide a source of reproductively mature individuals to develop a population and not to 
actually establish and maintain a density sufficient to feed the fingerlings . Ponds used in our 
study averaged 2952 m3 at VCNFH and 6568 m3 at GDNFH. Inoculating ponds of this volume 
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to attain a density of 100 organisms per liter would require an inoculum of 2.9 X 108 
zooplankton at VCNFH and 6.6 X 108 zooplankton at GDNFH . The highest inoculation rate 
used in this study was 6.1 X 106 zooplankton. 
Geiger (1983) found higher survival of striped bass fingerlings in ponds fil led with well water 
and inoculated with Daphnia pulex than in ponds filled with well water but without inoculation. In 
this study inoculations were made on 2 occasions with 500 mixed-age Daphnia pulex; 3 days prior 
to stocking and 6 days prior to stocking (25 ,000 Daphnia pulex per hectare total). Although the 
volume of the ponds is not given, a mean depth of 1 meter would yield an inoculation rate of 
0.0025 Daphnia pulex per liter. Geiger suggested that declining zooplankton populations can be 
bolstered with supplemental zooplankton inoculations. Buttner and Kirby (1986) found that 
survival of fingerling walleyes was higher (P = 0.05) in ponds inoculated with Daphnia pulex and 
that ponds which were inoculated had a zooplankton population dominated by Daphnia pulex and 
Cyclops vernatis while zooplankton populations in ponds without inoculation were dominated by 
rotifers. Ponds at one hatchery were inoculated with an unquantified number of different-aged 
Daphnia pulex from 1 to 4 times and were compared to ponds at another hatchery not inoculated 
with zooplankton. Although the difference in survival was significant, there are many factors which 
can contribute to survival differences between two hatcheries (water source, pond management, 
etc .. ) and none of these variables are addressed in their study. 
Zooplankton inoculation may be beneficial in ponds filled with water which is devoid of 
planktonic life (e.g., well water or sterile surface water) but at hatcheries which fill ponds with 
surface water there apparently is no benefit of adding zooplankton and it may actually be 
detrimental to production. Mills et al. (1987) found that D. pulex populations were eliminated 
by August in Oneida Lake when planktivorous yellow perch (Perea flavescens) fingerlings 
were abundant (23,690/hectare) . When D. pulex populations disappeared different, small, 
herbivorous zooplankton (cladocerans and copepods) became dominant and the yellow perch 
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became emaciated and diminished due to their inability to teed efficiently on the new dominant 
plankters because of the small size of the organisms. Swanson and Ward (1988) found that 
walleye consumed the largest Daphnia individuals available in a population in culture ponds 
(36. 7% larger than the average plankters in a population). They reported the mean length of 
zooplankters in walleye gut contents as 1.09 mm at one study site and 0.77 mm at another 
study site. At 20 mm walleye fry have a mouth gape of 4.0 mm and width of 2.25 mm but will not 
eat Daphnids longer than 2.0 mm eventhough they are apparently capable of ingesting them 
(Mathias and Li 1982) . These studies suggest that the largest zooplankton in a population may 
be eaten but they will not exceed 2 mm in total length. 
The zooplankton used for inoculation in our study exceeded the size most likely to be 
consumed by first-feeding walleyes and may have caused size related interactions to occur 
between zooplankton prey species that caused low numbers of the most important sized prey. 
Considering the rapid reproductive rate of cladocerans the offspring produced by the gravid 
adults placed in the ponds should have provided smaller sized neonates (juveniles) for food . 
By inoculating the ponds with zooplankton of a large size ( > 1.5 mm) , a dominant population of 
large zooplankton may have been established early in the pond culture interval. Fingerlings 
may have become weak and perished due to lack of prey of suitable size (under 2.0 mm) . 
Establishment of a large sized plankton community would be of little benefit if the walleye were 
unable to feed on the large plankters . Therefore, we may have unintentionally caused 
fingerling starvation in our study ponds inoculated with large zooplankton. 
Another possible explanation for the negative affect of zooplankton inoculation in our 
study is that we established a zooplankton community dominated by organisms capable of 
specific avoidance of juvenile walleye . Juvenile walleye rely on vision and light to feed (Mathias 
and Li 1982), therefore, vertical migrations exhibited by plankton may reduce their 
susceptibility to predation (Forney 1966). Hutchinson (1967) found that when several types of 
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Oaphnia species occurred together, the largest species migrated to the deepest areas during 
high light intensity and the smallest species migrated the least in response to light . If the large 
zooplankton in our inoculum migrated vertically in the water column , they may have been able 
to avoid walleye predation . Houde ( 1967) stated that walleye fry concentrate near the surface 
after they absorb their yolk sac , and Forney ( 1966) found that fry remain near the surface and 
feed on zooplankton for several weeks after hatching. If the zooplankton occupied the 
deepest areas of the ponds and the walleye fry occupied the surface areas of the ponds during 
period of high light intensity (walleye feeding time) the zooplankton may have effectively 
avoided predation . 
Intuitively, one expects a positive relationship between fingerling survival and prey 
density, therefore correlations between survival and copepod abundance during the first and 
second week of culture and cladocerans and chironomids in later weeks of culture should have 
occurred. This relationship was clearly evident at VCNFH in 1990 but not in the other 
experiments. Our VCNFH 1990 results indicate that high copepod and densities in the second 
and third week, cladoceran densities in the fourth week of culture, and chironomid densities in 
the sixth week of culture lead to high fingerling survival but at GDNFH in 1989 and 1990 , high 
copepod densities lead to lower survival while high cladoceran densities lead to high survival. 
Fox (1989) reported juvenile juvenile walleyes in ponds preyed on cyclopoid copepods during 
weeks 1 and 2, and chironomids and Daphnia thereafter. Bu Ikey et al. ( 1976) reported similar 
foods for juvenile walleye in the wild. The negative correlation between copepod abundance 
and survival of the fingerlings at GDNFH in 1989 and 1990 was unexpected. Possibly 
copepods were always so abundant (over 100 per liter) at GDNFH that their abundance had 
little affect on survival. Prey densities of the abundance observed in the ponds should provide 
sufficient food for juvenile walleye (Mathias and Li 1982) . 
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We feel that fertil ization and zooplankton inoculation are both important management 
tools when used appropriately . Fertilization is useful in maintaining prey densities and may be 
especially important in ponds which do not develop high zooplankton densities. Zooplankton 
inoculation appears to have little beneficial impact when ponds are filled with water containing 
zooplankton populations. This management strategy requires knowledge of the type of 
zooplankton needed by the walleye during the different stages of culture and how certain 
zooplankton react when under intense predation by planktivorous fish . Plankton species 
exceeding 2.0 mm should not be introduced into rearing ponds until walleye are large enough 
to utilize them as food . 
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SECTION II. EFFECTS OF AND ZOOPLANKTON INOCULATION AND 
ORGANIC FERTILIZATION ON ZOOPLANKTON AND 
BENTHOS POPULATIONS IN CULTURE PONDS FOR 
FINGERLING WALLEYE 
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ABSTRACT 
The effects of zooplankton inoculation (ZP) and organic fertilization (FERT) treatments 
on copepod , cladoceran, and chironomid populations were investigated in culture ponds 
used for rearing fingerling walleye (Stizostedion vitreum vitreum). Their abundance was 
measured on a weekly basis in 44 drainable , earthen, ponds (0 .31 to 0.63 hectares) at the 
Valley City National Fish Hatchery, ND (VCNFH) and Garrison Dam National Fish Hatchery, ND 
(GDNFH) . The ponds were stocked with 3-d-old larvae at densities of 38 ± 1 fry/m3 (2 X 3 
design in 1989 and 2 X 2 design in 1990) . Ponds were divided equally between ZP 
treatments (with or without zooplankton inoculation) and fertilized with alfalfa as pellets , hay, or 
meal in 1989 and alfalfa pellets, alfalfa hay, or soybean meal in 1990. In 1989, fertilizer was 
applied on equal biomass application rates, but in 1990, it was applied on an equal nitrogen 
basis. The zooplankton inoculum was predominately the cladoceran Daphnia in 1989, but a 
mixture of Daphnia and copepods in 1990. The pooled results indicate that copepod 
numbers were lower in ponds inoculated with zooplankton than in ponds left uninoculated 
suggesting competitive interaction between zooplankton from the inoculum and copepods. 
Cladoceran numbers were usually higher in ponds with zooplankton inoculation, and 
chironomid numbers were higher in ponds that were inoculated at one study site but lower at 
the other study site . The pooled results also indicate that ponds fertilized with small particle 
size meals (alfalfa meal and soybean meal) generally had higher copepod numbers than ponds 
fertilized with alfalfa pellets or hay. Abundance of cladocera was not influenced by FERT type , 
but chironomid densities were higher in ponds fertilized with alfalfa materials than they were in 
ponds fertilized with soybean meal. Chironomid numbers were also much higher at GDNFH 
than at VCNFH and peaked during the next to last week of culture at each facility . 
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INTRODUCTION 
High populations of prey (zooplankton and chironomid) are essential to successfully 
rearing fingerlings of many kinds of piscivorous fish species and their hybrids ; walleye 
(Stizostedion vitreum vitreum), northern pike (Esox lucius), striped bass (Marone saxatilis). 
The diet of pond-reared fingerlings of these piscivorous fish is similar in that all consume 
zooplankton prey for first feeding , then shift to insect prey until they reach 50 to 60 mm in size. 
Because fish prey are required to grow these species to larger sizes, pond culture of 
fingerlings is terminated before piscivory begins and losses from cannibalism occur (Harper et 
al. 1969; Lynch and Johnson 1982; Geiger et al. 1985; Wahl and Nielsen 1985) . As a general 
strategy to maximize survival and growth the young fish must be provided with prey of optimum 
size , type, and density (Geiger 1983b). Fertilization (Geiger 1983a; Fox et al 1989) and 
zooplankton inoculation (Richard and Hynes 1986; Buttner and Kirby 1987) are management 
techniques used to influence the numbers of desirable prey organisms. 
Organic fertilization can benefit prey populations in two ways. First , small particles of 
organic fertilizer may be consumed directly by copepods, cladocerans , and chironomids , 
second, decomposition releases inorganic nutrients that can be cycled through the 
algae/grazer/detritivore food web. Copepods benefit from both pathways since they normally 
feed raptorially and single out single, large, particles (organic material such as fertilizer particles 
or algal cells such as diatoms) and swim out and grasp the food item (McQueen 1970). There 
are reports that some copepods can switch to filter feeding in the presence of high 
concentrations of small particles such as small algal cells (Lam and Frost 1976; Boyd 1976) . 
Cladocerans filter particles (0.8 µm-45 µm) indiscriminately from the water, collecting them 
into a median ventral grove located near the mouth (Jorgensen 1975; Porter 1977) . Particles 
of the proper size are ingested and unwanted particles are kicked out of the grove by the 
postabdomen (Berman and Richman 1974) . 
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The Chironomidae are varied in their feeding strategies. A few are predaceous , but 
most are herbivore-detritivores. Those which are suspension feeders use brushes on their 
last segment to filter microrganisms and small detritus from the seston (Oliver 1971 ; Mccafferty 
1981) . Because the feeding strategies of the family Chironomidae are so varied , the effects of 
fertilization (increased detritus, algae, and zooplankton) benefit many genera by providing a 
diversity of food resources . 
Inoculation of a small number of reproductively active zooplankton has been used to 
establish zooplankton populations in culture ponds filled from ground water sources (Geiger 
1983b). The purpose of inoculation or "seeding" is to shift the zooplankton community in 
favor of a preferred crustacean prey organisms (cladocerans and copepods) of the right size 
and type (0.5-1.2 mm) . In theory , the appropriate prey will be available to fingerlings when they 
begin actively feeding .. 
An understanding of the reproductive biology of the different types of prevalent 
zooplankton (copepods, cladocerans, and rotifers) is elementary to effectively managing their 
populations, and it is one of the key factors to consider when ponds are filled and fertilized. 
Cyclopoid copepods, which are important food for first feeding larval walleye, encyst over the 
winter and become active in the spring (Pennak 1989) . Copepods reproduce bisexually and 
reach their peak reproductive capacity in approximately 24 days after hatching. Copepods 
have life spans of about 50 days (Allan 1976). Cladocerans alternate between 
parthenogenetic and sexual reproduction in relation to environmental conditions and are 
capable of rapid population increases when conditions are optimal using parthenogenetic 
reproduction (Wetzel 1975; Pennak 1989). Cladocerans reach their peak reproductive 
capacity at approximately 2 weeks of age at 20 °C (Allan 1976). In the spring, populations of 
cladocerans are derived from resting eggs and epiphipia deposited the previous summer 
Therefore, inoculating a pond with these organisms should supplement the base population 
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and generate a large population within 2 weeks after pond filling. Rotifers , which generally are 
considered too small for consumption by walleye , also alternate parthenogenetic and sexual 
reproduction (Wetzel 1975; Pennak 1989) . Rotifers have short life cycles (< 5 days) and reach 
peak reproductive capacity in 2-3 days at 20 °c (Allan 1976). 
Cladocerans and copepods under 2.0 mm in length are the most important 
zooplankton food resources for juvenile walleye (Li and Mathias 1982) . Consequently , due to 
these organisms reproductive characteristics, zooplankton inoculation is of the most benefit if 
done as soon as ponds are started filling . It has been suggested that 100 organisms/Lis a 
satisfactory food density for juvenile walleye in intensive culture (1 fish per liter) but specific 
densities have not been established for pond culture (Richard and Hynes 1986) . It would be 
impractical to maintain this density of organisms through zooplankton inoculation alone, 
therefore, it becomes obvious that zooplankton are not stocked in quantities sufficient to 
directly feed the fish but are used to establish a population through reproduction . 
The objectives of this study are to determine if (1) the type of organic fertilizer effects 
the density of zooplankton, and (2) to evaluate the benefits of inoculating ponds with 
zooplankton to increase populations of prey used by early life stages of walleye. 
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STUDY SITE 
Pond experiments were conducted in 1989 and 1990 at the Bald Hill Unit of the Valley City 
National Fish Hatchery (VCNFH) and at the Garrison Dam National Fish Hatchery (GDNFH) . Each 
year the first portion of the study was conducted at the VCNFH and the second portion of the 
study was conducted at the GDNFH. This schedule coincided with the walleye fingerling culture 
plans of the hatcheries. Twelve 0.30 hectare ponds were used at the VCNFH in both years 
although data from only nine of them were used in the analysis for 1990 due to contamination of 
two ponds with northern pike and overflow of one ponds catch basin during harvest. Twelve , 0.61 
hectare ponds were used at GDNFH in 1989 and 15 ponds in 1990, but in 1990, only data from 11 
ponds were used due to contamination of the ponds with fingerling northern pike. 
The VCNFH is located just north of Valley City, North Dakota. The hatchery ponds at 
the Bald Hill unit of the VCNFH, were filled with water from Lake Ashtabula. When the ponds 
were filled the zooplankton community in Lake Ashtabula was dominated by Daphnia (46.4%) , 
but also had cyclopoid copepods (14.2%), and various rotifer species (10.6%) (Table 1 ). The 
GDNFH hatchery is located below Garrison Dam, which impounds the Missouri River to form 
Lake Sakakawea. The ponds at GDNFH were filled with water from two sources : in 1989 ponds 
were filled with water from Lake Sakakawea, but in 1990 the ponds were filled with water 
pumped from the Riverdale Spillway Lake located below the dam. In 1989, the zooplankton in 
the water from Lake Sakakawea was dominated by Cyclopoid copepods (73.4%) and the 
cladocerans, Bosmina (10.7%) and Daphnia (8.6%) (Table 1 ). The zooplankton populations 
from the Riverdale Spillway Pond were not sampled. 
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Table 1. Mean zooplankton number per liter in water sources (Lake Ashtabula and Lake 
Sakakawea) used to fill ponds at Valley City National Fish Hatchery and Garrison Dam 
National Fish Hatchery 
Lake Ashtabulaa Total Lake Sakakaweab Total 
Organism VCNFH % of Population GDNFH % of Population 
Cyclopoid 
copepods 18.3 14.2 306 .2 73 .2 
Callanoid 
copepods 11 . 0 8.5 5 .5 1.3 
Copepod nauplii 23 .8 18.5 21 .7 5 .2 
Daphnia sp. 59 .7 46.4 36 .0 8.6 
Bosmina sp. 0 .6 0.5 45.0 10 . 7 
Chydorus sp. 1 .6 1 .2 0.0 0.0 
Rotifers 1.l2 1..Q...Q u _Q__& 
Total 128.7 100 .0 418.4 100.0 
avalues represent means of 20 samples of water collected on 20 days in May 1990 from 
the main inlet pipe flowing into ponds at VCNFH from Lake Ashtabula. 
bvalues represent means of 4 samples of water collected on 4 days in June 1990 from 
the main inlet pipe flowing into ponds at GDNFH from Lake Sakakawea. 
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METHODS 
Experimental Design and Statistical Methods 
Each year ( 1989 and 1990) a completely randomized factorial experimental design 
was used at each hatchery , the individual ponds were the experimental units . The treatments 
used in 1989 at both hatcheries consisted of the 2 X 3 factorial combination of zooplankton 
inoculation (ZP) , present or absent , and applicat ion of organic fertilizers (FERT), with two 
replications of each treatment combination . The control treatments were alfalfa pellets without 
inoculation at VCNFH and alfatta hay without inoculation at GDNFH . In 1989, the fertilizers 
used were attalfa as pellets , hay, or meal, on a equal biomass basis. In 1990 at VCNFH , the 
FERT treatment was reduced to two levels, alfalfa pellets or soybean meal applied on an equal 
nitrogen basis, and replications of each treatment combination were increased to three . In 
1990, five combinations of FERT and ZP treatments were used at GDNFH , four of them 
formed a factorial arrangement of zooplankton inoculation and organic fertilization , alfalfa hay 
and soybean meal on an equal nitrogen basis. An additional FERT treatment using soybean 
meal at a higher nitrogen basis without zooplankton inoculation was also employed. There 
were three replications of each of the five treatments and the data from each hatchery were 
analyzed independently for each year. 
The null hypothesis (Ho) is that fertilization with different types of organic fertilizers and 
inoculation with zooplankton will not affect (alpha level of 0.10) prey populations . The 
alternate hypothesis (HA) is that the type of fertilizer used and inoculation with zooplankton will 
affect (alpha level of 0.10) prey populations. Alpha levels of 0.10 were considered significant 
to avoid Type II error and to take into consideration the inherent variability of pond 
experiments. · Copepod, cladocera, and chironomid data were transformed to 1091 o(number + 
1) values to normalize frequency distributions. Data were analyzed as completely randomized, 
factorial experiments using standard analysis of variance procedures and the Statistical 
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Analysis System (SAS 1982). Fertilizer regime (FERT) and zooplankton inoculation (ZP) were 
used as the treatments and interaction between treatments was tested in every experiment. 
When interactions were not significant they are not mentioned in the results . 
Pond Preparation 
Ponds were filled in early May (May 3 - 9) at VCNFH and in late May or early June (May 
29 - June 3) at GDNFH. The first application of fertilizer was made as the ponds were filling and 
again every nine days with the assigned organic fertilizer until harvest. Three to nine days after 
pond filling, 3-day old fry were stocked into the ponds at approximately 375,00 per hectare at 
VCNFH (115,000 per pond) and 394,000 per hectare at GDNFH (210 ,000 per pond) . Ponds 
were inoculated with zooplankton during the week following fish stocking , when the larval fish 
began feeding . The kind and amounts of fertilizers used were based on what has been used 
at each hatchery. The VCNFH has applied alfalfa pellets at about 800 kg/hectare while the 
GDNFH applied alfalfa hay at about 1500 to 1800 kg/hectare. 
The effects of the treatments on major prey groups (copepods, cladocerans, and 
chironomids) were analyzed. The copepod classification included cyclopoid and callanoid 
copepods and their nauplii. The cladoceran classification included Daphnia, Bosmina, and 
Chydorus. Of the approximately 1300 walleye stomachs examined throughout this 
experiment rotifers were never found in any of the fish , therefore, rotifer abundance was not 
included in the analysis. 
Zooplankton Sampling and Analysis 
Zooplankton populations were sampled once per week throughout the cu lture interval in 
1989 but were sampled twice per week in 1990. In 1989, sampling was conducted in the morning 
(0800 - 1000), but in 1990, the first sample was taken in the morning (0800 to 1000) and the 
second sample was taken on the same day at dusk (2000 to 2200) . Samples were collected using 
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a 30L Schindler-Patalas trap fitted with a Wiconsin-styled plankton net having an 80-micron mesh . 
The dual sample schedule used in 1990 was implemented to sample plankton which may have 
exhibited a diurnal migration pattern. This sampling schedule coincided with walleye fingerling 
feeding patterns as reported by Mathias and Li ( 1982). 
The ponds were divided into transects sections representing the deep, middle , and 
shallow areas. Samples were collected from each section of each pond by wading to the center of 
each transect in 1989 and by boat in 1990. The boat was used to reach the sampling zones in 
1990 to reduce the potential of driving zooplankton away from the sampling area as might have 
happened in 1989 (wading) . The samples were placed in a preservative consisting of 70% 
ethanol , 5% glycerine, and 0.004% Rose Bengal dye (APHA et al. 1989) and stored . 
Sub-samples were removed from the original sample with a Henson-Stempel pipette until 
no less than 100 organisms had been counted per sample . In 1989, estimates of total numbers 
and species composition were made using a Sedgwick-Rafter cell and a compound microscope at 
1 OX magnification (APHA et al. 1989). In 1990, prey organisms were enumerated in a plankton 
counting wheel under 4X magnification (APHA et al 1989) . Cladocerans were identified to the 
genus level and copepods were identified to the suborder level. Other zooplankton were 
counted but their densities were not determined because of their insignificance in walleye diets. 
The density of organisms per liter of water at the deep, middle, and shallow sampling sites and at 
morning and evening sampling times was calculated using the dilution factors involved. The 
number of organisms per liter of water in the pond was determined by calculating a pond mean 
using the mean numbers of organisms from the deep, middle, and shallow samples from the two 
sampling periods (morning and evening). The density of organisms per liter of water at the deep, 
middle, and shallow sampling sites was calculated using the dilution factors involved. The number 
of organisms per liter of water in the pond was determined by calculating a pond mean using the 
mean numbers of organisms from the deep, middle, and shallow samples. 
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Benthos sampling 
Benthic samples were not collected in 1989. In 1990 the benthos were sampled using a 
232.3 cm2 (6" X 6") Ekman dredge (APHA et al. 1989) from a small flat-bottom boat. Samples were 
collected on the same day the zooplankton were sampled and on the same morning-dusk 
schedule. Samples collected from the deep, middle, and shallow parts of the pond were 
combined into one sample jar. Samples were collected . Organisms and organic material retained 
in a U.S. Standard No. 30 sieve were preserved in 70% ethanol , 5% glycerine , and 0.004% Rose 
Bengal dye for later identification and enumeration (APHA et al. 1989) . The sugar flotation method 
of separating the samples was used (Lind 1979) . The benthic community was dominated by 
chironomids and only chironomids were counted because they were the only benthic organism 
observed in walleye gut contents. 
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RESULTS 
The data from the individual experiments were analyzed separately and are identified by 
hatchery and year. "Overall results " examines the treatment effects on prey densities using the 
mean density for copepods , cladocera , and Chironomids for the entire culture interval. "Weekly 
results" examine treatment effects on prey populations on a weekly basis . Copepod numbers are 
the sum of cyclopoid , callanoid , and nauplii numbers. Cladoceran counts are the sum of Daphnia, 
Bosmina, and Chydorus counts . 
Weekly Population Dynamics 
Zooplankton 
VCNFH 1989 and 1990 Copepods (mostly cyclopoid) were the most abundant 
zooplankters (176-230/L) in the first two culture weeks in both years (Figure 1 ). Copepod 
population densities were never less than 20/L throughout the culture period during either year. 
Cladocera populations were lower in the first week of culture (29-31/L) than any other week with 
the exception of week 6 in 1989 when cladoceran numbers fell to 8/L. Cladocera increased to 61 
- 92/L during the third and fourth weeks of culture . Maximum density of cladocera was 151 /L in 
week 5 of 1990. 
GDNFH 1989 and 1990 Copepods (mostly cyclopoid) dominated the zooplankton 
during the first two weeks of culture at GDNFH in 1989 and 1990, but in the last 2 weeks of culture 
cladocera and copepods were about equal (1989) , or the cladocera were dominant (1990) (Figure 
1). In 1989, copepod numbers peaked during the third week of culture (460/L) . In 1990, 
copepod populations climbed throughout culture season , they peaked during the last culture 
week at 757/L. In 1989, the abundance of both copepods and cladocerans were about equal in 
weeks 3 and 4, but in 1990, cladocerans dominated during these weeks . In 1990, cladocera 
populations started at a very low level (2.5/L) and they reached a peak during week four (345/L) . In 
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Figure 1. Weekly mean prey densities of copepods, cladocerans, and chironomids at Valley City 
National Fish Hatchery (VCNFH) and Garrison Dam National Fish Hatchery (GDNFH) 
.in 1989 and 1990 
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1990, copepod numbers did not approach the high levels achieved in 1989, their populations 
peaked during week 2 (123/L) then declined gradually through week 4. 
Chironomids 
VCNFH and GDNFH 1990 Chironomid larva were more abundant at GDNFH (7800/m2) 
than at VCNFH (1600/m2). Weekly trends in chironomid densities followed the same patterns at 
both hatcheries, with maximum densities occurring during the next to last week of culture (Figure 
1 ). Chironomid numbers were 35/m2 at VCNFH during week one but increased to a peak of 
1655/m2 in week five . At GDNFH, chironomid numbers were 2445/m2 in week one and peaked 
during week three at a level of 7980/m2. 
Copepod Abundance 
Overall results 
The mean number of copepods for all ponds combined ranged from a low of 79.9/L at 
GDNFH in 1990 to a high of 224.5/L at GDNFH in 1989 (Table 2). Copepod abundance at VCNFH 
was nearly identical in both years, 115.1 in 1989 and 115.8 in 1990. The density of copepods at 
the VCNFH in 1990, was higher in ponds without inoculation (P = 0.03) otherwise treatments did 
not affect copepod densities . 
Weekly results 
VCNFH 1989 Copepod abundance was higher (P = 0.01) in ponds ferti lized with alfalfa 
meal during the second and sixth week of culture than in ponds fertilized with alfalfa pellets or 
alfalfa hay in 1989 (Figure 2). Ponds receiving inoculation had higher copepods densities in the 
third (P = 0.03) and fifth (P =0 .05) weeks of culture but had lower densities than ponds without 
inoculation during the first (P = 0.02), second (P = 0.02), and sixth (P = 0.01) weeks of culture 
(Figure 2) . There was a significant interaction between the treatments during the fifth week (P = 
0.01 ). 
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Table 2. Mean number of copepods per liter at Valley City National Fish Hatchery (VCNFH) and 
Garrison Dam National Fish Hatchery (GDNFH) in 1989 and 1990 
Zooplankton Type of Organic Fertilizer 
VQNFH 1969 Alfalfa Pellets Attalfa Hay Alfalfa Meal Inoculation means 
Without 94 .6 129.7 145.3 123 .2 
With 
.1.01.d 1-U.& 1.Q..Q....9. 1..QL_Q 
Fertilizer means 101 .0 121 .0 123 .1 115 .1 
GDNFH 1969 Alfalfa Pellets Alfalfa Hay Alfalfa Meal Inoculation means 
Without 179 .0 225.4 335.1 246 .5 
With 16.M ~ ~ 2..Q.2_,_fi 
Fertilizer means 184.2 230 .3 259 .1 224 .5 
VQNFH 199Q Alfalfa Pellets Soybean Meal Inoculation Meansa 
Without 105 .1 138 .1 118 .8 
With 112...Q 11.L.a 11..Ll 
Fertilizer means 107.9 126.0 115 .8 
GDNFH 199Q Alfalfa Hay Soybean Meal-low Soybean Meal-high Inoculation means 
Without 63 .2 89 .4 63 .2b 76 .3 
With ~ Ztl ~ 
Fertilizer means 78 .3 81. 7 63 .2 79 .9 
aprobability of a greater F = 0.03 
bNot included in calculation of overall means . 
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Figure 2. Effect of fertilizer type and zooplankton inoculation on densities of copepods at Valley 
City National Fish Hatchery (VCNFH) and Garrison Dam National Fish Hatchery (GDNFH) 
in 1989 and 1990; arrows indicate weeks when treatment differences were significant 
71 
GDNFH 1989 At GDNFH in 1989, ponds receiving inoculation had more copepods 
(P=0.06) during the first week of culture than ponds without inoculation (Figure 2). The treatments 
did not affect copepod density in the other three weeks . 
VCNFH 1990 Copepod abundance was higher in ponds fertilized with soybean meal 
during the fifth (P = 0.01) week of culture than in ponds fertilized with alfalfa hay (Figure 2). Ponds 
receiving inoculation had lower copepod abundance (P :5; 0.05) during weeks 1 and 3 than ponds 
without inoculation. 
GDNFH 1990 During the first week of culture copepod abundance was higher (P = 0.07) 
in ponds fertilized with soybean meal applied at a high rate than it was in ponds fertilized with alfalfa 
hay or soybean meal applied at a low rate. During the third culture week ponds fertilized with 
soybean meal at a low rate had higher (P = 0.02) densities of copepods than ponds fertilized with 
alfalfa hay or soybean meal applied at a low rate (Figure 2) . Zooplankton treatment did not affect 
copepod densities. 
Cladocera Abundance 
overall Results 
The mean number of cladocerans per liter ranged from a low of 43.6/L at VCNFH in 1989 to 
a high of 238.9/L at GDNFH in 1990 (Table 3) . GDNFH had 3 to 5 times more cladocera than 
VCNFH in both years. At VCNFH, in 1989, densities of cladocerans in the ponds treated receiving 
inoculation were less (P = 0.01) than densities in the control ponds (without inoculation). At 
VCNFH, in 1990, densities of cladocerans in ponds receiving inoculation were higher (P = 0.01) 
than densities of cladocerans in ponds without inoculation and densities of cladocerans in ponds 
fertilized with alfalfa pellets were higher than densities in ponds fertilized with soybean meal. There 
was significant interaction between FEAT and ZP treatments at VCNFH in 1990, but otherwise, 
cladoceran densities were not influenced by treatments. 
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Table 3. Mean number of cladocera per liter at Valley City National Fish Hatchery (VCNFH) and 
Garrison Dam National Fish Hatchery (GDNFH) in 1989 and 1990 
Zoo plankton Type of Organic Fertilizer 
VQNFH 1989 Alfalfa Pellets Alfalfa Hay Alfalfa Meal Inoculation meansa 
Without 61 .0 66 .3 52 .5 59 9 
With 24 .7 2-9..J. ~ 27.4 
Fertilizer means 42 .8 47 .7 40.3 43 .6 
GDNF!J 1989 Alfalfa Pellets Alfalfa Hay Attalfa Meal Inoculation means 
Without 204 .3 271 .5 231 .0 235 .6 
With ~ 81.J. ~ ~ 
Fertilizer means 131 .9 176.3 230 .7 179 .6 
VQNFH 199Q Alfalfa PelletsC Soybean Mealc Inoculation Meansa 
WithoutC 65 .1 48 .1 
Withe lad Th.1 
Fertilizer meansb 70 .5 60 .6 
GDNFH 199Q Attatta Hay Soybean Meal-low Soybean Meal-high 
Without 272 .1 255 .2 452 .2d 
With ~ ~ 
Fertilizer means 245 .1 232 .7 452 .2 
aProbability of a greater P = 0.01 . 
bprobability of a greater P = 0.07 
CInteteraction significant between FEAT and ZP treatments (P = 0.01) 
dNot included in calculation of overall means. 
58 .1 
~ 
66 .1 
Inoculation means 
263 .6 
214 .2 
238.9 
73 
Weekly Results 
YCNFH 1989 Ponds fertilized with alfalfa hay and meal had higher cladoceran densities 
during the first week of culture than ponds fertilized with alfalfa pellets (P=0.01) (Figure 3) . Ponds 
fertilized with alfalfa hay had higher cladocera densities (P = 0.01) than ponds fertilized with alfalfa 
pellets or meal during the fourth week of culture. During the second week of culture ponds without 
inoculation had higher cladocera densities than ponds receiving inoculation (P = 0.01 ). 
GDNFH 1989 Ponds fertilized with alfalfa pellets had higher (P = 0.09) cladoceran 
densities in the first week of culture than ponds fertilized with alfalfa hay or meal (Figure 3). In the 
third week of culture, ponds fertilized with hay and meal had higher (P = 0.06) densities of 
cladocera than ponds fertilized with pellets. During the last week of culture ponds receiving 
inoculation had less (P=0.01) cladocera than control ponds (without inoculation). 
YCNFH 1990 The fertilizer type used never had a significant impact on cladocera 
densities (Figure 3). During the fourth (P = 0.06), fifth (P = 0.10), and sixth (P = 0.01) week of 
culture, ponds receiving inoculation had significantly lower cladocera levels than control ponds 
(without inoculation). 
GDNFH 1990 Cladoceran densities were higher (P = 0.01) in ponds fertilized with 
soybean meal at a high rate than in ponds fertilized with hay or soybean meal at a low rate during the 
first and fourth week of culture (Figure 3). In the third culture week, ponds fertilized with soybean 
meal at a low rate and ponds fertilized with alfalfa hay had higher (P = 0.06) cladoceran densities 
than ponds fertilized with soybean meal at a high rate. Ponds receiving inoculation had higher 
cladocera density during the second (P = 0.06) and third (P=0.07) weeks of culture than ponds 
without inoculation. 
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Figure 3. Effect of fertilizer type and zooplankton inoculation on mean cladocera density at Valley 
City National Fish Hatchery (VCNFH) and Garrison Dam National Fish Hatchery (GDNFH) 
in 1989 and 1990; arrows indicate weeks when treatment differences were significant 
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Chironomid Abundance 
Overall Results 
In 1990, the mean density of chironomids ranged from 827 to 5688 per square meter, with 
abundance being 6.9 times greater at GDNFH (Table 4). Neither FEAT or ZP treatment had an 
affect on the overall abundance of chironomids at VCNFH, but at the GDNFH there were more 
chironomids in ponds which received zooplankton inoculum (P = 0.05) . The type of fertilizer used 
did not significantly affect overall chironomid abundance but at GDNFH ponds ferti lized with 
soybean meal had up to 1200 fewer chironomids per square meter. 
Weekly Results 
YCNFH 1990 Up until the fourth week of culture ponds fertilized with alfalfa pellets had 
greater chironomid densities than ponds fertilized with soy bean meal. During the third week of 
culture this difference was significant (P = 0.01) (Figure 4). Higher chironomid densities in ponds 
without ZP treatment was the trend throughout the experiment but the differences were not 
significant. 
GPNFH 1990 During the second week of culture ponds fertilized with soybean meal 
applied at a high rate had higher chironomid densities than ponds fertilized with hay or soybean 
meal at a low rate. Otherwise, FEAT treatments were not different. Ponds receiving inoculation 
consistently had higher chironomid numbers than ponds without inoculation and during the 
second week of culture this difference was significant (P = 0.01 ). 
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Table 4. Chironomid abundance (numberlm2) at Valley City National Fish Hatchery and 
Garrison Dam National Fish Hatchery in 1990 in relation to experimental treatments 
Zooplankton 
VCNFH 1990 
Without 
With 
Fertilizer means 
Type of Organic Fertilizer 
Alfalfa Pellets 
830 
.wQ 
760 
Soybean Meal 
1100 
.wQ 
895 
Inoculation Means 
965 
.wQ 
827 
GDNFH 1990 
Without 
Attalfa Hay 
5694 
~ 
6323 
Soybean Meal-low 
3106 
Soybean Meal-high 
4544b 
Inoculation meansa 
4400 
With 
.6..9..9..9. .Q.91..Q 
Fertilizer means 5052 4544 5688 
aProbability of a greater F = 0.05 . 
bNot included in calculation of overall means . 
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Figure 4. Mean weekly densities of chironimid larva per square meter at Valley City National Fish 
Hatchery (VCNFH) and Garrison Dam National Fish Hatchery (GDNFH) in 1990; 
significant differences indicated by arrows and P values 
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DISCUSSION 
Zooplankton and larval aquatic insects are the most important food items in the diets of 
walleye fingerlings raised in earthen culture ponds (Li and Mathias 1982 ; Fox 1989). In 
particular, cyclopoid copepods , cladocerans (Bosmina and Oaphnia), and chironomids are the 
most important foods of walleye fingerlings and the importance of these organisms changes as 
the fish increase in size (Houde 1967; Raisanen and Applegate 1983; Krise and Meade 1986; 
Fox and Flowers 1990). 
Cyclopoid copepods , up to 1.5 mm long, are the prey of choice for first-feeding 
walleye (Mathias and Li 1982 ; Swanson and Ward 1985 ; Fox 1989) . Larger zooplankton such 
as cladocerans and benthic insects such as chironomid larva and pupae form the primary food 
source for the rest of the culture period (up to 40 mm) . It is desirable to harvest the fingerlings 
before they become piscivorous or cannibalistic . McIntyre et al. (1987) found that if suitable 
prey was not available walleye became cannibalistic. Cannibalism normally starts when fish 
approach 60 mm but can occur in the larval stage as well (Li and Mathias 1982; Fox 1989). 
Walker and Applegate (1976) observed that walleye fingerlings consumed fathead minnows 
exclusively until minnow populations were depleted , which occurred when the walleye 
attained lengths of 62 mm, and then the walleye switched back to aquatic insect larvae. 
Rotifers often make up a significant portion of the zooplankton population on a nu merical 
basis, but there are conflicting reports on their value as prey for walleye . Some researchers 
have reported that rotifers are important first food for walleye (Smith and Moyle 1945; Jahn and 
O'Flaherty 1989) , while other researchers have reported that rotifers are too small for 
consumption by walleye and that numerical analysis overstates their value as a food 
item.(Bulkley et al. 1976; Mathias and Li 1982) . Rotifers were not found in 1300 walleye 
stomachs examined in the present study. 
The prey items (copepods, cladocera, chironomids) available for walleye in this study 
varied in response to organic fertilization and zoopl_ankton inoculation. Since prey densities in 
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the present study were always over 100 organisms per li ter ( copepod, cladoceran , and 
chironomid numbers added together), as recommended by (Mathias and Li 1982), it is not 
certain that the right kind or size of prey was always sufficiently abundant. 
All four types of organic fertilizers used provided satisfactory levels of prey items and 
no single fertilizer type was superior in all cases . Zooplankton inoculation did not influence the 
overall results , although it influenced weekly results in several cases . Generally , zooplankton 
inoculation with large cladocerans lowered the density of copepods and increased the density 
of cladocerans . The density of chironomids was greater in ponds receiving inoculation in 1990 
at GDNFH. There may be benefit of using zooplankton inoculation when culturing fingerlings 
which eat cladocerans and chironomids . Since copepods are preferred by first-feeding 
fingerling walleye it is important to avoid inoculation with primarily cladoceran inoculums in the 
first two weeks of culture since this may lower there abundance. Competitive interactions 
between organisms from the inoculum (large cladocera) may have reduced copepod 
abundance or stifled copepod population grow1h. 
The concept of stimulating zooplankton populations with zooplankton inoculations is 
logical in plastic lined ponds filled with well-water. Cladoceran inoculations should provide 
large, rapidly reproducing populations of cladocera which would increase total numbers quickly 
(within 2 weeks) . Daphnia reproduction was conducted asexually most of the cultu re period, 
as was evidenced lack of epiphipia until the last week of culture at both hatcheries during both 
years . Epiphipia are indicators that sexual reproduction was occurring and development of 
epiphipia suggests a decline in food resources or response of the organisms to heavy 
predation by the young walleyes (Zaret 1980; Pennak 1989) . Therefore, zooplankton 
inoculations of cladocera, similar to those used at VCNFH in 1989 and 1990 and GDNFH 1989, 
should have provided rapidly increasing populations of cladocera which would reach peak 
reproductive capability in the third of fourth week of culture . 
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Copepod inoculations such as that used at GDNFH 1990 are probably a better choice 
for walleye culture ponds if there are few copepods in the water supply . In the present study 
copepod inoculation was probably less beneficial than it could have been since copepods 
were already abundant in the water supply. When copepod inoculations are used 
consideration must be given to their slow reproductive rates and the period when they will be 
most beneficial to the fingerlings (first two weeks of culture). Up to 4 weeks is required for 
copepods to reach their optimum reproductive capability (Allen 1976) . 
In the present study, the zooplankton numbers introduced during pond fill ing provide 
nearly or well over 100 copepods and cladocerans per liter. The inoculum was insignificant 
since it provided less than one zooplankton per liter. In spite of this low inoculation rate , the 
use of zooplankton inoculum made up of large cladoerans reduced abundance of copepods 
at VCNFH in 1989 and 1990 and at GDNFH in 1989. At GDNFH in 1990, when the inoculum 
was predominately copepods, ponds receiving inoculation tended to have higher copepod 
densities . 
In 1989, the zooplankton inoculums were of large Daphnia, possibly too large for the 
fish to consume, and they may have out-competed the smaller plankton already present. 
Hypothetically, if the fingerlings can not consume a plankter because it is too large , it may 
become dominant in a system. If this is what happened in our experiment, due to inoculation, 
the management technique backfired and less than optimum production may have been the 
result. 
The importance of chironomids in the diet of walleye is well documented (Houde 
1967; Bulkley et al. 1976; Fox 1989; Fox et al. 1989). The use of zooplankton inoculum 
increased chironomid numbers at GDNFH in 1990. This result was unexpected, but may be 
due to changes in the cladocera and copepod populations balance, which were not statistically 
detectable, and the result may have been beneficial to the chironomid population. The 
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abundance of chironomids at GDNFH is probably an important factor in the high fish production 
of this hatchery. Even the initial number of chironomids present at GDNFH (2800/m2) was 
higher than the maximum density at VCNFH at anytime. There are two probable explanations 
for this abundance . First, GDNFH cultivates a rye grass cover crop in their ponds after 
harvesting fingerlings the previous summer, at VCNFH the study ponds were not seeded with 
a cover crop. The rye grass grows until the winter and during periods while chironomids are 
reproducing (pre-frost) it may provide an egg laying platform for chironomid species which 
attach their eggs to emergent vegetation (Merritt and Cummins 1978). When the pond is 
reflooded the next spring the eggs hatch and begin development, and ultimately serve as a 
food resource for fingerlings . Second , GDNFH raised a crop of northern pike fingerlings in the 
ponds prior to raising the crop of walleye fingerlings . Although some chironomids are lost 
when the ponds are drained to harvest the northerns many remain in the sediments and 
provide an immediate food source when the ponds are refilled and walleye fry are stocked. 
Chironomid populations declined the week prior to termination of harvest , perhaps 
due to heavy predation by fingerling fish, emergence of the larva to adult forms, or a 
combination of these two factors . Whatever the reason, the reduction of this food source 
probably has a major impact on the fingerlings continued growth and ultimately the time left 
before harvest must occur. 
Fingerling walleye exhibit a daily feeding pattern which peaks three times per day; pre-
dusk, post-dusk, and mid morning (Mathias and Li 1982) . Zooplankton are commonly eaten during 
daylight, but their occurrence in stomachs decreases during the night and becomes zero just 
before dawn (Mathias and Li 1982). Richard and Hynes ( 1986) found that larval walleye are pelagic 
in nature until approximately 30 mm. During the pelagic phase, they prey upon crustacean 
zooplankton such as copepoda and cladocera . At about 30 mm walleye shift to larger prey and 
begin to consume mostly macro-invertebrates ( chironomid larvae). Colesante et al. ( 1986) 
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determined that walleye fingerlings (> 50 mm) require a variety of larger insect or fish prey to 
prevent starvation and cannibalism. Bulkley (1976) reported that a change in the distribution of 
walleye fingerlings in Clear Lake, Iowa, coincided with a change from zooplankton prey to insect 
prey by the first week of June. The fingerlings were 32 mm at the time of this change. 
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SECTION Ill. EFFECTS OF ORGANIC FERTILIZATION AND 
ZOOPLANKTON INOCULATION ON WATER QUALITY 
IN WALLEYE FINGERLING CULTURE PONDS 
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ABSTRACT 
The influence of zooplankton inoculation (ZP) and organic fertilization (FERT) 
treatments on minimum dissolved oxygen, unionized ammonia, pH , nitrite, and Secchi disk was 
investigated in ponds used to rear fingerling walleye ( Stizostedion vitreum vitreum) . These 
variables were monitored weekly in 44 drainable ponds (0.31 to 0.63 hectares). The ponds 
were stocked with 3-d-old larvae at densities of 38 ± 1 fry/m3. The experiments were a factorial 
combination of ZP and FERT treatments (2 X 3 design in 1989 and 2 X 2 design in 1990). 
Ponds were divided equally between ZP treatments (with or without zooplankton inoculation) 
and fertilized with alfalfa pellets, hay , or meal in 1989 and fertilized with alfalfa pellets, alfalfa hay, 
or soybean meal in 1990. In 1989, the FERT treatment utilized equal biomass application rates , 
but in 1990, the FERT treatments were made on equal nitrogen basis . There was strong 
correlation between the number of days to harvest and water temperature . Minimum dissolved 
oxygen was not influenced by ZP or FERT treatment overall , but on a weekly basis ponds 
fertilized with alfalfa meal sometimes had lower dissolved oxygen levels (P $ 0.10) . 
Concentrations of unionized ammonia were not affected by any of the treatments but did reach 
stressful levels (> 0.0125 mg/L). The pH was higher in ponds receiving zooplankton inoculation 
in one experiment (P ~ 0.10) and in ponds fertilized with alfalfa pellets in another experiment (P 
$ 0.05). Nitrite concentration was lower in ponds inoculated with zooplankton in one 
experiment (P $ 0.05) and in ponds fertilized with alfalfa hay in another (P $ 0.05). Secchi 
transparency, expressed as percent of pond depth, was not influenced by either FERT or ZP 
treatment . 
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INTRODUCTION 
Two management techniques used to increase fingerling production in ponds are 
zooplankton inoculation and organic fertilization (Geiger et al. 1985; Richard and Hynes 1986; 
Buttner and Kirby 1986; Barkoh and Rabeni 1990). These techniques are biomanipulations 
aimed at management of primary and secondary productivity (aquatic plants and zooplankton) , 
but they directly or indirectly influence water quality . Poor water quality can reduce the growth , 
lead to disease , or cause the death of fish (Piper 1982 ; Post 1987; Alabaster and Lloyd 1982). 
Therefore, the importance of maintaining adequate water quality in ponds is fundamental to 
successful fish culture . 
Fertilizers are added to ponds to increase the abundance of zooplankton and benthic 
organisms which are used as food by the juvenile fish ( Fox et al. 1989) . Useful prey for rearing 
juvenile walleyes are copepods, cladocerans, and chironomid larva (Houde 1967; Priegel 1969 ; 
Mathias and Li 1982; Fox 1989 ; Fox et al. 1989) . Zooplankton are important consumers of algae 
and suspended organic material (Porter 1977; Goldman and Horne 1983) . Thus , organic 
fertilizer may provide a direct food source for zooplankton and benthic organisms used by 
juvenile walleyes and also be used by bacteria which decompose the fertilizers and eventually 
release nutrients in their inorganic forms (nitrogen and phosphate) into the water (Noriega-Curtis 
1979; Richard and Hynes 1986) . The inorganic nutrients are then available for uptake by algae 
and aquatic plants . Resulting increases in photosynthesis and community respiration affect 
dissolved oxygen and pH levels (Boyd 1990). 
Algal photosynthesis and respiration are often the most influential factors controlling 
pH, oxygen, and nitrogen in ponds used for aquaculture (Boyd 1990). Zooplankton are capable 
of grazing 100% of the daily phytoplankton production in natural systems, therefore, 
zooplankton abundance ultimately influences water quality (Enright 1969; Hargrave and Geen 
1970). Addition of zooplankton to ponds (zooplankton inoculation) is done to increase the 
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number of zooplankton available for walleye food (Geiger et al. 1985; Richard and Hynes 1986; 
Buttner and Kirby 1986) and also increase grazing pressure on algae. 
Management activities affecting the plant and animal community also affect chemical and 
physical measures of water quality. The type , rate, and timing of fertilizer application and the 
structure of the zooplankton community can influence important water quality parameters 
(dissolved oxygen , unionized ammonia, pH , nitrite , and Secchi transparency). Therefore , 
fertilization and zooplankton inoculation should be monitored because they influence all trophic 
levels (Alabaster and Lloyd 1981 ; Boyd 1990). 
There are many complex physical and chemical interactions of concern between water 
quality parameters in aquaculture ponds . Dissolved oxygen is essential for survival of fish, and 
high levels of nitrite and unionized ammonia are toxic to fish . Oxygen saturation levels are 
directly affected by temperature and pressure (APHA 1989). Ammonia is toxic to fish in the 
unionized form which is increased as temperature and pH rise (Boyd 1979; Lloyd 1985). Nitrite 
becomes toxic to fish when chloride levels become low and competes with chloride for uptake at 
chloride cells on the gills. Nitrite inhibits the ability of fish blood to take up oxygen which causes 
suffocation. Photosynthesis influences the pH in ponds (Goldman and Horne 1983) and pH 
influences the nitrification process of bacterial conversion of nitrite to nitrate as well as the 
equilibrium between ionized and unionized ammonia. Transparency is affected by algal 
abundance, especially when suspended solids are not involved. 
The objective of this study is to examine the effects of organic fertilization and 
zooplankton inoculation on dissolved oxygen, unionized ammonia, pH, nitrite, and Secchi disk 
transparency in walleye fingerling culture ponds . These factors were selected because they are 
the most important chemical and physical indicators of water quality in fish ponds. 
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STUDY SITE 
Pond experiments were conducted for two years (1989 and 1990) at both the Bald Hill 
Unit of the Valley City National Fish Hatchery (VCNFH) and at the Garrison Dam National Fish 
Hatchery (GDNFH) located in North Dakota. Each year the first portion of the study was 
conducted at the VCNFH located below Lake Ashtabula and the second portion of the study 
was conducted at the GDNFH, below Lake Sakakawea. This schedule coincided with the 
walleye fingerling production of both hatcheries. Twelve 0.30 hectare ponds were used at the 
VCNFH in 1989 and 1990, and 12, 0.61 hectare ponds were used at GDNFH in 1989, and 15 in 
1990 . 
The Bald Hill Unit of the VCNFH is located below the dam of Lake Ashtabula and the 
hatchery ponds are filled with water from Lake Ashtabula . The GDNFH hatchery is located below 
Garrison Dam, which impounds the Missouri River to form Lake Sakakawea. The ponds at the 
GDNFH were filled with water from two sources : the 12 ponds used in 1989 were filled with water 
from Lake Sakakawea, while the 15 ponds used in 1990 were filled with water pumped from the 
Riverdale Spillway Lake located below the dam. The Riverdale Spillway Lake serves as a stilling 
basin for the emergency overflow spillway of Garrison Dam and water in the pond warms faster in 
the spring than water from Lake Sakakawea. The water supply of both hatcheries is high in TDS, 
total hardness, total alkalinity, chloride, and sulfates (Table 1 ). 
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Table 1. Analysis of water supplies used to fill culture ponds at Valley City National Fish Hatchery 
(VCNFH) and Garrison Dam National Fish Hatchery (GDNFH) in 1989 and 1990 
Riverdale 
Parameter Lake Ashtabulaa Lake Sakakaweaa Sf2illwaz: Lakeb 
Total dissolved solids (ppm) 615 .0 448 .0 676.0 
Turbidity (Jackson units) 13 3 
Total hardness (as CaCO3) 287 231 210 
Total alkalinity (as CaCO3) 295 171 
Calcium (mg/L) 52.5 55.4 46 .0 
Magnesium (mg/L) 38.0 22 .4 23 .1 
Chloride (mg/L) 23 .8 11 .8 14.9 
Sulfate (mg/L) 185.0 177.0 241 .0 
Total Ammonia Nitrogen (mg/L) 1 . 1 0 .024 
Nitrate + Nitrite (mg/L) <1 .0 0 .064 0.09 
Total Iron 0 .30 0.023 
Conductivity (micromhos/cm) 886 908 
Total phosphate (mg/L) 0 .018 0.22 
aMost recent water analysis available was done by the U.S. Army Corp of Engineers in 1987. 
bwater samples taken as the ponds were filled and were then analyzed by the 
Department of Civil and Construction Engineering, Iowa State University. 
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METHODS 
Experimental Design and Statistical Methods 
The focus of the study is to evaluate experimental treatments of organic ferti lization and 
zooplankton inoculation, referred to as FERT and ZP treatments . The kinds and amounts of 
fertilizer used in these experiments were based on applications normally used at the respective 
hatcheries. Water quality measurements of the two hatcheries are not directly compared. The 
VCNFH normally applies alfalfa pellets at a rate of 800 kg/hectare while the GDNFH normally 
applies alfalfa hay at a rate of approximately 1500 to 1800 kg/hectare . The amounts and 
schedules were occasionally adjusted to provide optimal zooplankton and algae balances as 
deemed necessary for fingerling production . 
At each hatchery in 1989 and 1990, a completely randomized factorial design was used 
with individual ponds as the experimental units. The FERT and ZP treatments used in 1989 at 
both hatcheries consisted of a 2 X 3 factorial combination of zooplankton inoculation (present or 
absent) and organic fertilization (alfalfa as pellets, hay, or meal). In 1990 at VCNFH, FERT 
treatment was reduced to alfalfa pellets or soybean meal, and the number of replications of each 
treatment combination (FERT X ZP) increased to three . Five treatments were used at GDNFH in 
1990, four of them formed a factorial arrangement of FERT and ZP treatments , the FERT 
treatment used alfalfa hay and soybean meal applied on an equal nitrogen basis . An additional 
treatment of soybean meal at a higher nitrogen basis was also employed in three of the ponds. 
There were three replications of each of the five treatment combinations. If there were unequal 
numbers of ponds on a treatment (VCNFH and GDNFH 1990) unweighted means are given. 
Analyses were done separately for each hatchery in each year to account for inherent 
differences between locations and culture years. 
The null hypothesis (Ho) is that neither the fertilizer type or zooplankton inoculation will 
affect (alpha level of 0.10) water quality. The alternate hypothesis (HA) is that both the fertilizer 
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type and zooplankton inoculation will affect (alpha level of 0.10) water quality . Alpha levels of 
0.1 0 were considered significant to avoid type II error and to take into considerat ion inherent 
variability in pond experiments . Data were analyzed as completely randomized , factorial 
experiments by using Statistical Analysis System (SAS 1982) . Analysis of variance statistical 
tests were used to measure differences between the treatments . Fertilizer regime and 
zooplankton inoculation were used as the treatments and interaction between treatments was 
tested . The interaction between the treatments is not mentioned in the results unless it was 
statistically significant. 
Vegetation Control 
In 1989, ponds at the VCNFH were treated with a pre-emergent application of Aquazinern 
(80% simazine) to control aquatic macrophytes one month prior to filling . Aquazine™ was applied at 
a rate of 1.12 kg/hectare (10 .0 lb/acre) by spraying a solution of the herbicide on the pond bottoms . 
However, a second application was needed in half of the ponds on the 21st day of culture ; they 
were treated at a rate of 2.0 mg/L (5.7 lbs/AF) to control an outbreak of net algae (Hydrodicton) . 
In 1990 , at VCNFH, Aquazine™ was not applied as a pre-emergent, however, copper 
sulfate was applied to all ponds during the second week of culture at a rate of 0.4 mg/Lin attempt to 
control an outbreak of net algae. Because of regrowth of net algae Aquazine™ was applied as a 
surface spray at a rate of 1.7 mg/L (4 .6 lb/AF) during the fourth week of culture to all ponds. 
In 1989 at GDNFH , low (:5 3.0 mg/L) sunrise dissolved oxygen concentrations occurred in 
three of the ponds during the last week of cu lture (week 4). These ponds were treated with copper 
sulfate at 0.18 mg/Land the next day were treated again at 0.23 mg/L. Considering the high total 
hardness of the water used at GDNFH (> 200 ppm as CaC03) these applications rates are low. In 
1990, ponds at GDNFH did not require treatment with herbicides. 
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Fertilization 
The first application of organic fertilizers began short ly after pond filling was started and 
applications were repeated at approximately 9 day intervals until harvest. An exception to this 
schedule occurred at VCNFH in 1989, when fertilization was discontinued after the third week of 
culture due to low oxygen concentrations. Application rates used at each hatchery were based on 
past application rates . The application rates used at GDNFH (1500 - 1800 kg/hectare) were about 
twice as high as the rates used VCNFH (800 kg/hectare) . In 1989, all three types of fertilizers 
(chopped alfalfa hay, ground alfalfa meal, and alfalfa pellets) were added on an equal biomass basis . 
Alfalfa pellets and soybean meal were used at the VCNFH in 1990 and alfalfa hay and soybean meal 
at GDNFH in 1990. These two types of alfalfa fertilizers were used in 1990 because they were the 
type traditionally used at each hatchery. At VCNFH in 1990, fertilization with soybean meal and 
alfalfa pellets was to be applied on a equal nitrogen basis. The fertilizer application, however, had to 
be completed before the fertilizers could be analyzed, therefore the rates of nitrogen application 
were not equal (Table 2) . The nitrogen application rates were 11 .6% less for soybean meal than for 
alfalfa pellets. At GDNFH in 1990, 12 ponds were fertilized on an equal nitrogen basis (6 with alfalfa 
hay and 6 with soybean meal) and 3 additional ponds were used to test soybean meal application at 
double the nitrogen levels. The fertilizers were applied at rates based on estimated nitrogen values 
but the analysis for nitrogen was not completed until after the fertilizers were applied. Six ponds 
were fertilized with alfalfa hay (1569 kg/hectare) and 6 more ponds were fertilized with soybean meal 
at a low application rate (560 kg/hectare) and 3 more ponds were fertilized with soybean meal at a 
high application rate (1232 kg/hectare) . Application of 1569 kg/hectare of alfalfa hay and 560 
kg/hectare of soybean meal provided 13.83 and 15.57 kg of nitrogen/hectare (11 .2% more 
nitrogen in ponds fertilized with soybean meal at a low rate) , respectively . The application of 1232 
kg/hectare of soybean meal provided 34.26 kg/hectare of nitrogen/ hectare ; over twice the amount 
of nitrogen applied in the other ponds (Table 2) . 
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Table 2. Fertilization application (appl) schedule used in ponds at Valley City National Fish 
Hatchery (VCNFH) and Garrison Dam National Fish Hatchery (GDNFH) in 1989 and 
1990 
lsQ Qt tei:tilizec ai;21:21ied ~c b~are 
Fertilizer 
& Awl1 Awl~ Aw!J ta:H Iota! lsg ~Lbei;;tace 
}!Q~El::Jl969 
Alfalfa Pellets 269 269 269 806 7.86 
Alfalfa Hay 269 269 269 806 5 .79 
Alfalfa Meal 269 269 269 806 8.97 
~Q~El::ll99Q 
Alfalfa Pellets 202 202 202 202 808 9.33 
Soybean Meal 75 75 75 75 300 8.25 
GQ~El::Jl969 
Alfalfa Pellets 523 523 523 327 1896 18.13 
Alfalfa Hay 523 523 523 261 1830 17.84 
Alfalfa Meal 523 523 523 1569 17.45 
GQ~El::Jl 990 
Alfalfa Hay 523 523 261 261 1569 13.83 
SBM (low appl) 187 187 93 93 560 15.57 
SBM (high appl) 411 411 205 205 1232 34.26 
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Zoo plankton Inoculation 
In 1989, zooplankton were collected early in the season (prior to May 25, 1989) with a pump 
and cage system from a largemouth bass broodfish pond . The inlet of the pump was operated at 
night under artificial light provided by a 100-watt bulb clamped to a post which supported the cage 
and pump system. Pump velocity was 2.0 liters per second . The sides of the cage were covered 
with 0.8 mm screen so that only larger zooplankton were retained. At VCNFH, the zooplankton 
inoculum was added to the ponds within an hour after collection. The inoculum for GDNFH was 
placed in plastic bags to which oxygen was added, then the bags were sealed and transported to 
GDNFH and introduced into the ponds in approximately 4 hours. In 1990, zooplankton for the 
inoculums were collected by filtering inflowing water to raceways at each hatchery. This allowed for 
easier collections , lower transportation times , and made use of indigenous zooplankton. lnoculums 
used at VCNFH were filtered from water from Lake Ashtabula and inoculums used at GDNFH were 
filtered from water from Lake Sakakawea. Filtering was done by placing screened containers with 
0.8 mm openings under inflow pipes in raceways at the respective hatcheries. In 1990, at VCNFH , 
the zooplankton inoculum was a concentrate of the zooplankton normally introduced during pond 
filling but at GDNFH, the ponds were filled with warm water from the Riverdale Spillway Lake but the 
zooplankton used for inoculation were from Lake Sakakawea. 
Zooplankton inoculation was done during the first week after stocking. The amount of 
inoculum placed in the ponds was weighed to the nearest gram and the number of zooplankton in 
the inoculum was estimated by weighing samples(± 1 µg) and then counting individuals in the 
sample. The estimated number of zooplankton in the samples was extrapolated to the number of 
zooplankton stocked and the zooplankton were identified to species using keys from Pennak 
(1989) (Table 3) . 
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Table 3. Composition of the zooplankton inoculum used in ponds at Valley City National 
Fish Hatchery (VC) and Garrison Dam National Fish Hatchery (GD) in 1989 and 
1990 
Hatchery I Mean Percent Grams/ Number 
Year Organism length (mm) com~osition hectare /Liter 
vc 1989 Daphnia pulex 2.29 94 .5 4 ,885 0.16 
Osg_hranticum labronectum 1.97 ~ ~ Q.Jli 
Total 100.0 5169 0 .17 
2.25 
vc 1990 Daphnia pulex 77 .1 21 ,532 0.73 
Bosmina longirostris 0.48 0.4 1,117 0.04 
Eucyclops agilis 1 .15 20 .4 5,697 0 .19 
Osg_hrantic!.!.m lafl.rQnectum 1.83 
-1.9 503 .Q_,_Q_3 
Total 100.0 28 ,849 0.99 
GD 1989 Daphnia putex 2.41 ~ ~ G..a.11 
Total 100 .0 1,559 0 .11 
GD 1990a Daphnia 13.5 51 0 .01 
Bosmina 19.1 72 0.01 
Cyclopoida 64.3 244 0.04 
Calanoida _3j_ ~ Q.Jli 
Total 100.0 379 0.07 
aunable to key to species or measure due to loss of stored samples. 
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Sampling Frequency and Sample Collection 
Temperature , total ammonia nitrogen, pH , nitrite and Secchi transparency were 
measured once per week in the morning . Dissolved oxygen was measured 5 days per week in 
the morning (0500 - 0800) in 1989 (30 observations per pond at VCNFH and 20 observations 
per pond at GDNFH) and once per week in 1990 (6 observations per pond at VCNFH and 4 
observations per pond at GDNFH). Water samples for dissolved oxygen, ammonia, and nitrite 
were taken off the outlet structure between 0500 and 0800 with a Van Dorn water sampler at 
0.5-0.6 m depth. Samples were placed in darkened BOD bottles to minimize changes due to 
biological activity and analysis was done in the laboratory. 
Physical-Chemical Analysis 
Water temperature was taken at a depth of 0.5 meter from the pond surface by lowering a 
mercury filled thermometer on a string from the pond outflow structure. In 1989, at both hatcheries, 
dissolved oxygen readings were taken daily before 0800 h with a YSI oxygen meter (YSI™ model 57 
dissolved oxygen meter, Yellow Springs Instrument Co., Inc., Yellow Springs, OH) . During 1990, 
dissolved oxygen was measured pre-sunrise once per week by the Winkler titration method (APHA 
1989). Whenever oxygen saturation levels fell below 4 mg/Lin pre-sunrise samples, fresh water 
inflow was added to counteract the depletion. 
Total ammonia nitrogen (TAN) was determined by the Nesslerization method using a 
spectrophotometer (Hach model DR-EU4, Hach Co., Ames, IA). Un-ionized ammonia levels 
(NH3-N) were derived using data from TAN, pH, and water temperature (Emerson et al. 1975). 
Nitrite was determined by the colorimetric sulfanilamide method using a spectrophotometer 
(Hach model DR-EU4, Hach Co., Ames, IA) . 
The pH of pond waters was measured at the pond surface in the morning (0800-0900 h) 
with a pH meter fitted with a temperature compensating glass electrode (Hach model 43800-00, 
100 
Hach Co., Ames, IA ). Values of pH were log transformed to [HJ+ ion concentration for statistical 
analysis and converted back to log values for reporting . 
Secchi transparencies were measured off the outflow structure (deepest part of the 
ponds) . The depth of the ponds was also monitored at the same location. The percent Secchi 
transparency was calculated by dividing the Secchi reading by the depth of the pond. The 
relative Secchi transparency was used in lieu of the direct reading because the Secchi 
transparency was often to the pond bottom and therefore not an accurate measure of the depth 
of Secchi transparency . 
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RESULTS 
The data from each hatchery was analyzed separately each year. The affects of the 
treatments on water quality were compared using analysis of variance and the mean value of 
each parameter for the entire culture interval is labelled "overall results ". Because observations 
were made on a weekly basis the influence of the treatments were compared every week and 
are labelled "weekly results" . 
Temperature 
Overall results 
The mean temperature was 18.3 °C for the 4 experiments . The mean temperature was 
always lower at VCNFH than at GDNFH because walleye culture begins at earlier in the spring at 
VCNFH (early May) than at GDNFH (early June) . Mean temperature was 17.9 °Cat VCNFH in 
1989 and 15.6 °c in 1990. At GDNFH the mean temperature in 1989 was 19.2 °C and in 1990 it 
was 20.5 °C. The higher water temperatures at GDNFH promoted rapid fingerling growth which 
permitted harvest in 4 weeks compared to harvest in 6 weeks at VCNFH (Figure 1 ). 
Weekly results 
Water temperatures were usually about 4 to 5 °C warmer at GDNFH than at VCNFH 
during comparable culture weeks (Figure 2) . This difference in temperature is due to the 
seasonal conditions encountered at the two hatcheries. 
Culture temperatures at VCNFH started at 19 °c in 1989 and 11 °C in 1990. 
Temperatures increased gradually throughout the culture period and peaked during the last 
week of culture in all 4 experiments (Figure 2) . Maximum weekly mean temperatures peaked 
around 23 °C at VCNFH and around 24 °c at GDNFH. 
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Figure 1. Relationship between the mean pond temperature (°C) and the number of culture days 
required to grow fish to harvestable size (32.4 ± 3.7 mm) at Valley City National Fish 
Hatchery and Garrison Dam National Fish Hatchery in 1989 and 1990 
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Figure 2. Weekly mean (0600 - 0800 h) water temperatures (°C) at Valley City (VC) National Fish 
Hatchery and Garrison Dam (GD) National Fish Hatchery in 1989 and 1990; standard 
deviations shown by error bars 
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Minimum Dissolved Oxygen (MOO) 
Sunrise dissolved oxygen levels are considered minimum dissolved oxygen (MOO) for 
the day and MOO concentrations are considered stressful if below 4 mg/L (Westers 1979) 
Effect of herbicide application 
At VCNFH in 1989, dissolved oxygen was higher (P = 0.01 ) in ponds treated with 
Aquazine™ during the third , fourth , and fifth weeks of culture (Figure 3). The Aquazine™ 
applications apparently reduced algal respiration and ponds not treated with Aquazine™ had 
stressful MOO levels during week 4 (3 .29 mg/L) . At VCNFH in 1990 there was no way to compare 
untreated and treated ponds since all were treated with copper sulfate and Aquazine™. Mean 
weekly MOO levels peaked during the first week of culture (10.0 mg/L) but decreased throughout 
the culture period to a low of 7.0 mg/Lin the last week of culture . MOO did not decline abruptly 
following herbicide applications in weeks two and four. MOO were always above 4 mg/L. At GDNFH 
in 1989, there were no dissolved oxygen readings taken after herbicide application was made (last 
days of fish culture) and in 1990 no herbicides were applied to study ponds at GDNFH. 
Overall results 
The mean MOO for the experiments ranged from 6.3 to 7.8 mg/L (Table 4). Neither ZP 
or FEAT treatments affected MOO at either hatchery during either year (P > 0.10) . 
Weekly results 
There was at least one statistically significant FEAT treatment difference in MOO in every 
hatchery-year experiment but MOO differences between ZP treatments were not significant 
(Figure 4) . 
YCNFH 1989 During the second and fourth week of culture at the VCNFH in 1989 
ponds fertilized with alfalfa meal had significantly lower dissolved oxygen levels at sunrise than 
ponds fertilized with alfalfa pellets or hay (Figure 4). Ponds fertilized with alfalfa meal had 
stressful dissolved oxygen levels(< 4.0) during the fourth week of culture . 
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Figure 3. Mean (±SD) weekly minimum dissolved oxygen (mg/L) in relation to the herbicide 
applications in ponds at Valley City National Fish Hatchery in1989 and 1990; 
arrows indicate weeks when differences were significant between ponds with 
and without herbicide 
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Table 4. Mean sunrise dissolved oxygen values at Valley City National Fish Hatchery (VCNFH) and 
Garrison Dam National Fish Hatchery (GDNFH) in 1989 and 1990 in relation to 
zooplankton inoculation (ZP) and organic fertilization treatments 
Zooplanktona 
VCNFH 1989 
Without 
With 
Fertilizer means 
GDNFH 1989 
Without 
With 
Fertilizer means 
VCNFH 1990 
Without 
With 
Fertilizer means 
GDNFH 1990 
Without 
With 
Fertilizer means 
Type of Organic Fertilizera 
Alfalfa Pellets 
6.8 
hl 
6.4 
Alfalfa Pellets 
7.7 
u 
7.8 
Alfalfa Pellets 
7.8 
7 .4 
7.6 
Alfatta Hay 
6.9 
Q& 
6.7 
Alfalfa Hay 
6 .3 
M 
6.4 
Alfalfa Hay 
7.6 
1..2 
7.4 
Alfatta Meal 
6.2 
~ 
6 .1 
Alfatta Meal 
6 .6 
L1 
6.8 
Inoculation means 
6 .5 
.6-2 
6 .3 
Inoculation means 
7.3 
7.4 
7.3 
Soybean meal 
8.0 
Inoculation means 
7 .9 
Soybean Meal low 
6 .5 
M 
6.5 
Li La 
8 .0 7.8 
Soybean Meal high Inoculation means 
6 .5 6 .6 
M 
6 .4 6.6 
aTreatment differences in mean sunrise dissolved oxygen were not significant ( P > 0 .10 for 
Ftests). 
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Figure 4. Mean weekly minimum dissolved oxygen (mg/L) as affected by fertilizer and 
zooplankton inoculation treatments (TAT) at Valley City National Fish Hatchery 
(VCNFH) and Garrison Dam National Fish Hatchery (GDNFH) in 1989 and 1990; arrows 
indicate weeks when treatment differences were significant 
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GDNFH 1989 During the third and fourth weeks of culture at the GDNFH in 1989 
ponds fertilized with alfalfa meal had lower (P :s: 0.10) dissolved oxygen levels than ponds 
fertilized with alfalfa hay or alfalfa pellets . However, MOO concentrations were greater than 4 
mg/L (Figure 4). 
VCNFH 1990 Ponds fertilized with alfalfa pellets had significantly (P :s: 0.01 ) lower 
dissolved oxygen levels than ponds fertilized with soybean meal at the VCNFH in 1990 during 
the fifth week. However, MOO concentrations did not reach stressful levels (Figure 4) . 
GDNFH 1990 Ponds fertilized with alfalfa pellets had higher MOO levels than ponds 
fertilized with soybean meal (P :s: 0.05) during the third week of fish culture . Ponds fertilized with 
soybean meal at high application rate had a mean pre-sunrise dissolved oxygen level of less 
than 4 mg/L (Figure 4). 
Unionized Ammonia (UIA) 
UIA levels are considered stressful when they go above 0.0125 mg/L (Piper et al. 1982) 
Overall results 
The overall mean UIA for the four experiments ranged from a low of 0.0041 mg/Lat 
GDNFH in 1990 to a high of 0.0389 mg/Lat GDNFH in 1989 (Table 5) . Neither ZP or FERT 
treatments affected concentrations of UIA (P :s: 0.10) . 
weekly results 
VCNFH 1989 Concentrations of UIA were higher (P :s: 0.01) in ponds fertilized with 
alfalfa pellets (0 .0375 mg/L) than ponds fertilized with alfalfa hay or alfalfa meal (Figure 5) . ZP 
treatment did not affect UIA. 
GDNFH 1989 During the second week of culture , the 0.0311 mg/L concentration of 
UIA in the ponds receiving inoculum was higher (P :s: 0.06) than the 0.0172 mg/L UIA 
concentration in control ponds without inoculum (Figure 5) . 
109 
Table 5. Mean unionized ammonia values at Valley City National Fish Hatchery (VCNFH) and 
Garrison Dam National Fish Hatchery (GDNFH) in 1989 and 1990 as affected by 
zooplankton (ZP) inoculation and organic fertilization 
Zooplanktona 
VCNFH 1989 
Without 
With 
Fertilizer means 
GDNFH 1989 
Without 
With 
Fertilizer means 
VCNFH 1990 
Without 
With 
Fertilizer means 
GDNFH 1990 
Without 
With 
Fertilizer means 
Type of Organic Fertilizera 
Alfalfa Pellets 
0 .0373 
0 .0243 
0.0308 
Alfalfa Pellets 
0.0262 
0.0299 
0.0281 
Alfalfa Pellets 
0.0332 
0.0343 
0.0337 
AlfattaHay 
0 .0031 
0.0039 
0.0035 
Alfatta Hay 
0.0315 
0.0286 
0.0301 
Alfalfa Hay 
0.0240 
0.0189 
0.0214 
Attatta Meal 
0.0221 
0.0270 
0.0245 
AlfattaMeal 
0.0275 
0.0249 
0.0262 
Soybean meal 
0.0391 
0.0485 
0.0441 
Inoculation means 
0 .0303 
0.0266 
0.0285 
Inoculation means 
0 .0259 
0.0246 
0 .0253 
Inoculation means 
0 .0361 
0.0416 
0.0389 
Soybean Meal low 
0.0046 
0.0047 
0.0047 
Soybean Meal high Inoculation means 
0.0039 0 .0039 
0 .0043 
0.0039 0 .0041 
a Mean unionized ammonia was not affected by the treatments in any of the experiments (P 
>0.10forFtests) . 
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Figure 5. Weekly mean unionized ammonia (mg/L) as affected by fertilizer and zooplankton 
treatments (TRl) at Valley City National Fish Hatchery and Garrison Dam National Fish 
Hatchery in 1989 and 1990; arrows indicate weeks when treatment differrences were 
significant 
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VCNFH 1990 During the fifth week of culture at VCNFH in 1990 the ponds fertilized 
with soybean meal had significantly (P :<,; 0.02) higher (0.0765 mg/L) UIA than ponds fertilized 
with alfalfa pellets (0.0342 mg/L) (Figure 5) . This was the only week that UIA concentrations 
differed significantly due to treatments . 
GDNFH 1990 Ponds fertilized with soybean meal at a low application rate had less UIA 
(0 .0018) than ponds fertilized with alfalfa hay (0.0026 mg/L) and soybean meal applied at a high 
application rate (0 .0033) during the first week of culture. During the second week of culture 
ponds fertilized with alfalfa hay (0 .0043 mg/L) had more (P :<,; 0.03) UIA than ponds fertilized with 
either level of soybean meal (0 .0021 mg/L) . Also during the second week of culture ponds with 
ZP treatment (0.0040 mg/L) had significantly (P :<,; 0.02) more UIA than ponds without ZP 
treatment (control) (0.0020) and there was interaction (P,::; 0.04) between ZP and FERT 
treatments . During the third week of culture ponds fertilized with both levels of soybean meal 
(0.0096 and 0.0072 mg/L) had higher UIA concentrations(P = 0.02) than ponds fertilized with 
alfalfa hay (0.0035 mg/L) (Figure 5). 
Nitrite 
Overall Results 
Nitrite levels ranged from 0.003 to 0.0306 mg/Lin the four experiments (Table 6). 
Ponds at VCNFH in 1989 and 1990 were not affected by ZP or FERT treatment. 
Ponds at GDNFH in 1989 receiving a zooplankton inoculum (0.0226) had lower (P < 
0.05) nitrite levels than control ponds(0.0236) (Table 6) . FERT treatment did not have an 
influence on nitrite levels at GDNFH in 1989. The mean nitrite concentration for this experiment 
was 0.0231 mg/L. 
At GDNFH in 1990, ponds fertilized with alfalfa hay (0 .0023 mg/L)had lower (P < 0.05) 
nitrite levels than ponds fertilized with soybean meal at high and low application rates (0 .0034 
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Table 6. Mean nitrite values at Valley City National Fish Hatchery (VCNFH) and Garrison Dam 
National Fish Hatchery (GDNFH) in 1989 and 1990 in relation to zooplankton (ZP) 
inoculation and organic fertilization 
Zooplankton 
VCNFH 1989 
Without 
With 
Fertilizer means 
GDNFH 1989 
Without 
With 
Fertilizer means 
VCNFH 1990 
Without 
With 
Fertilizer means 
GDNFH 1990 
Without 
With 
Fertilizer meansa b 
Type of Organic Fertilizer 
Alfalfa Pellets 
0.0182 
0.0244 
0 .0213 
Alfalfa Pellets 
0.0226 
0.0210 
0.0218 
Alfalfa Pellets 
0.0061 
0.0274 
0.0167 
Alfalfa Hay 
0.0019 
0.0027 
0.0023A 
Alfalfa Hay 
0.0189 
0.0195 
0 .0192 
Alfalfa Hay 
0.0259 
0.0235 
0.0247 
Alfalfa Meal 
0.0185 
0.0195 
0.0191 
Alfalfa Meal 
0.0224 
0.0233 
0.0229 
Soybean meal 
0.0865 
0.0069 
0.0444 
Inoculation means 
0 .0185 
0.0212 
0.0198 
Inoculation meansa 
0 .0236 
0 .0226 
0.0231 
Inoculation means 
0.0451 
0.0168 
0.0306 
Soybean Meal low 
0.0034 
0.0035 
0.00348 
Soybean Meal high Inoculation means 
0 .0036 0.0030 
0.0031 
0.00368 0.0030 
aTreatment means are significantly different at probability~ 0.05. 
bThe Duncan multiple comparison test was used to determine differences between means 
at each treatment level. Means with the same capital letters are not significantly different. 
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and 0.0036 mg/L respectively) (Table 6). Nitrite levels were unaffected by zooplankton 
inoculation. The mean nitrite for this experiment was 0.0030 mg/L. 
Weekly results 
VCNFH 1989 During the fourth week of culture ponds fertilized with alfalfa meal 
(0 .023) had more (P = 0.09) nitrite than ponds fertilized with alfalfa pellets (0.016) or alfalfa hay 
(0.015) (Figure 6) . During the sixth week of culture ponds with ZP treatment had higher nitrite 
levels (0 .027) than ponds control ponds (0.014). 
GDNFH 1989 and VCNFH 1990 Nitrite levels were unaffected by either he FEAT or 
ZP treatments (Figure 6) . 
GDNFH 1990 During the second week ponds fertilized with soybean meal at a low 
application rate (0.0037 mg/I) had more nitrite (P = 0.01) than ponds fertilized with alfalfa hay 
(0.0025 mg/I) or ponds fertilized with soybean meal at a high rate (0.0026 mg/L) . During the 
third week, ponds fertilized with soybean meal at a high application rate (0.0046 mg/I) had higher 
nitrite concentrations (P = 0.04) than ponds fertilized with alfalfa hay (0.0020 mg/I) and ponds 
fertilized with soybean meal at a low application rate (0.0028 mg/I) (Figure 6). 
pH 
Overall Results 
Mean pH values ranged from 8.3 to 8.6 (Table 7). ZP and FEAT treatments each 
affected pH at GDNFH in 1989 but did not influence pH in any of the other experiments. At 
GDNFH in 1989, ponds fertilized with alfalfa pellets had higher (P = 0.01) pH (8.4) than ponds 
fertilized with alfalfa hay (8.3) or alfalfa meal (8.2) and ponds inoculated with zooplankton had 
higher (P = 0.09) pH (8 .3) than ponds not inoculated (8.2) . 
Weekly results 
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Figure 6. Weekly mean nitrite (mg/L) as affected by fertilizer and zooplankton inoculation treatments 
(TAT) at Valley City National Fish Hatchery (VCNFH) and Garrison Dam National Fish 
Hatchery (GDNFH) in 1989 and 1990; arrows indicate weeks when treatment differences 
were significant 
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Table 7. Mean pH values at Valley City National Fish Hatchery (VCNFH) and Garrison Dam National 
Fish Hatchery (GDNFH) in 1989 and 1990 as affected by zooplankton (ZP) inoculation and 
organic fertilization 
Zoo plankton 
VCNFH 1989 
Without 
With 
Fertilizer means 
GDNFH 1989 
Without 
With 
Fertilizer meansb c 
VCNFH 199Q 
Without 
With 
Fertilizer means 
Type of Organic Fertilizer 
Alfalfa Pellets 
8 .46 
8...21 
8.34 
Alfalfa Pellets 
8 .34 
~ 
8.42A 
Alfalfa Pellets 
8.57 
~ 
8 .54 
Alfalfa Hay Attalta Meal 
8.32 
~ 
8.35 
Alfalfa Hay 
8 .26 
MU 
8.28B 
8.25 
~ 
8 .24 
Attalla Meal 
8 .12 
8...21 
8.17c 
Soybean meal 
8.55 
8....5..9. 
8 .57 
Inoculation means 
8.35 
s_gz 
8 .31 
Inoculation meansa 
8 .24 
~ 
8 .29 
Inoculation means 
8.56 
~ 
8.55 
GDNFH 199Q Attalta Hay Soybean Meal low Soybean Meal high Inoculation means 
Without 8.26 
With ~ 
Fertilizer means 8.27 
8 .34 
~ 
8.36 
8 .28 
8.28 
aTreatment means are significantly different at probability$ 0.10. 
bTreatment means are significantly different at probability$ 0.05. 
8 .29 
~ 
8.31 
cThe Duncan multiple comparison test was used to determine differences between 
means at each treatment level. Means with the same capital letters are not significantly different. 
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VCNFH 1989 and VCNFH 1990 The weekly pH means in ponds at VCNFH were not 
significantly affected by either treatment during 1989 or 1990 ( Figure 7) . 
GDNFH 1989 During the second week of culture both FERT and ZP treatments 
affected the pH of ponds (Figure 7) . Ponds fertilized with alfalfa pellets(8 .6) had higher (P $ 
0.01) pH than ponds fertilized with alfalfa hay (8.3) or meal (8.2). Ponds with zooplankton 
inoculation (8 .5) had higher (P = 0.05) pH than ponds without zooplankton inoculation (8.3). 
During the fourth week of culture ponds treated with zooplankton inoculation (8 .5) had higher 
( P = 0 .06) pH than control ponds (8 .3). 
GDNFH 1990 During the third culture week ponds fertilized with attalfa hay had lower 
pH (8.3) than ponds fertilized with soybean meal at low application levels (8.6) and high 
application levels (8.5) (Figure 7). 
Percent Secchi Transparency 
Overall results 
The mean percent Secchi t@nsparency for the experiment ranged from a low of 43.5 to 
a high of 89.8 % (Table 8). Neither ZP or FERT treatments had a significant affect on the overall 
mean percent Secchi transparency in any of the experiments. 
Weekly results 
VCNFH and GDNFH 1989 The Secchi transparency was not affected by either 
treatment (Figure 8) . 
VCNFH 1990 During the second culture week ponds inoculated with zooplankton 
had lower (P $ 0.05) transparency (90.0 %) than ponds without zooplankton inocu lation (97.9 
%) (Figure 8) . 
GDNFH 1990 Ponds with zooplankton inoculation had greater (P = 0.01) transparency 
(63.5%) during the second culture week than ponds without inoculation (50.8%) (Figure 8) . 
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Figure 7. Weekly mean pH as affected by fertilizer and zooplankton treatments (TRT) at Valley 
City National Fish Hatchery (VCNFH) and Garrison Dam National Fish Hatchery (GDNFH) 
in 1989 and1990; arrows indicate weeks when treatment differences were significant 
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Table 8. Mean percent Secchi transparency values at Valley City National Fish Hatchery (VCNFH) 
and Garrison Dam National Fish Hatchery (G0NFH) in 1989 and 1990 as affected by 
zooplankton (ZP) inoculation and organic fertilization 
Zooplanktona 
VCNFH 1989 
Without 
With 
Fertilizer means 
GDNFH 1989 
Without 
With 
Fertilizer means 
VCNFH 1990 
Without 
With 
Fertilizer means 
GDNFH 1990 
Without 
With 
Fertilizer means 
Type of Organic Fertilizera 
Alfalfa Pellets 
92 .8 
8..82 
90.5 
Alfalfa Pellets 
61 .3 
~ 
63.4 
Alfalfa Pellets 
93.5 
6..5....4 
89 .5 
Alfalfa Hay 
48 .1 
44 .6 
46 .4 
Alfalfa Hay 
91 .9 
~ 
82 .1 
Alfalfa Hay 
55 .7 
~ 
57 .4 
Alfalfa Meal 
83 .0 
~ 
84.6 
Alfalfa Meal 
51 .9 
.62.-2 
57 .3 
Soybean meal 
88 .7 
fil.& 
90.2 
Inoculation means 
85 .9 
~ 
85 .7 
Inoculation means 
56 .3 
filA 
59 .4 
Inoculation means 
91 .2 
~ 
89 .8 
Soybean Meal low 
37 .9 
Soybean Meal high Inoculation means 
36 .8 40 .9 
~ 47 .2 
43 .9 36 .8 43 .5 
aMean Secchi transparency was not affected by the treatments in any of the experiments (P 
> 0 .1 0 for F tests) . 
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Figure 8. Weekly mean percent Secchi transparency as affected by fertilizer and zooplankton 
treatments (TAT) at Valley City National Fish Hatchery and Garrison Dam National Fish 
Hatchery in 1989 and 1990 
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During the third week of culture ponds fertilized with soybean meal at a high application (25 . 7 %) 
rate had lower transparency (P ~ 0.08) than ponds fertilized with alfalfa hay (54.8 %) or soybean 
meal at a low rate (41.1 %) . 
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DISCUSSION 
The length of culture time required was decreased by 2 weeks when water 
temperatures were 3 to 4 °C warmer throughout the culture period. Correlation of mean water 
temperature to the number of days in the pond provides the fish culturist with a usefu l tool for 
determining when fingerlings should be ready to haNest and aids in planning pond draining and 
fish hauling. Fingerlings which were cultured above 19 °C required only 4 weeks in the ponds. 
Our findings compare favorably to suggested culture temperatures reported by other 
researchers . Smith and Koenst (1975) suggested 22 °C as the optimum temperature for raising 
walleye and Hokanson and Koenst (1986) estimated 26 °C as the optimum temperature for 
growth of fingerling walleye . Other researchers warn that temperatures above 20 °C lead to a 
higher incidence of disease in walleye (Nickum 1978). 
Because temperature is the most important factor controlling fish growth , and also plays 
an important role in their nutrition and health it should be one of the most important 
management tools used by the fish culturist (Huh et al. 1976). Therefore , if culture ponds are 
filled with water from a surface reseNoir, egg incubation could be managed to delay pond 
stocking until the water warms to 20 °C. 
Where eggs can be held at lower temperatures the incubation period can be prolonged 
and pond stocking can be delayed until pond temperatures rise . This strategy makes it possible 
to stagger the haNest of ponds to provide optimum haNest timing and double cropping (e.g. , 
use of ponds to raise more than one crop of fish) . Both VCNFH and GDNFH have used this 
technique none of the eggs in the present study were subjected to it . Walleye eggs hatch 
around 165 T.U. (temperature units) (Richard and Hynes 1986). These authors state the 
"usual" egg incubation period at White Lake Fish Culture Station, Ontario, is three to four 
weeks. Water temperature at the beginning of incubation is approximately 6 °C and rises to 15 
to 17 °C by the time hatching occurs. If temperature of water used for incubation is maintained at 
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8 °c hatching can be prolonged up to 20 days, therefore , it is possible to delay egg hatching 
until pond water temperatures are higher. It has been reported that prolonged incubation of 
walleye eggs may lead to non-inflation of the swim bladder in walleye which would be a major flaw 
in this management strategy (Barrows et al. 1990). Without swim bladder inflation juvenile 
walleye generally do not survive. 
Juvenile walleye may tolerate low oxygen levels for short periods of time but may suffer 
severe mortality if oxygen levels remain below 4 mg/L for excessive periods (Westers 1979) . 
Minimum dissolved oxygen concentrations were slightly lower in ponds receiving zooplankton 
inoculums but the differences were never significant. Of the 20 weeks of data comparisons , 
ponds receiving zooplankton inoculation had lower minimum dissolved oxygen levels 40% of 
the time and the levels were equal 40% of the time. Ponds fertilized with alfalfa meal 
consistently had the lowest MOO in 1989 and in 4 of the 10 weeks of data this difference was 
significant (P:::; 0.10). In 1990, soybean meal fertilizers performed almost identically to alfalfa 
pellets and meal, suggesting that soybean meal may be a good alternative fertilizer to alfalfa. 
From the results of this study it appears that alfalfa hay, pellets or soybean meal would 
be good choices for organic fertilizers. Richard and Hynes (1986) recommend fermented 
soybean meal as fertilizer applied at 0.036 kg/m3 per week for weight weeks (0.29 kg/m3 total) 
as a fertilization strategy. At VCNFH we applied alfalfa fertilizers at a rate of 0.097 kg/m3 (34% of 
recommended level) and soybean meal at 0.036 kg/m3 (12% of recommended level) for the 
entire culture period. At GDNFH we applied alfalfa fertilizers at 0.15 kg/m3 (52% of recommend 
level) and soybean meal at a low rate at 0.05 kg/m3 (17% of recommended level) and soybean 
meal at a high rate at 0.11 kg/m3 (38% of recommended level) . 
The lowest dissolved oxygen levels were recorded during the third and fourth weeks of 
culture at GDNFH, as water temperatures increased. There is a strong relationship between 
oxygen saturation levels and temperature ; as temperature goes up saturation levels go down 
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( Piper et al. 1982). This could explain the reduction in dissolved oxygen during later culture 
weeks at both hatcheries. At VCNFH , declines in dissolved oxygen levels may have been due 
to aquatic herbicides which were applied during the third and fourth weeks . Another 
explanation for reduced dissolved oxygen could be that zooplankton levels peaked during 
these weeks and they grazed off most of the algae in the ponds, thus eliminating that source of 
oxygen production . 
The effects of the herbicide treatments on the water quality in ponds is an important 
concern in aquaculture . Filamentous green algae (Hydrodicton) caused severe harvesting 
problems at the VCNFH in 1989 and 1990 . Due to its net-like structure the presence of 
Hydrodicton made efficient draining of the ponds difficult at VCNFH in both years because 
fingerlings became entangled in it as the pond was lowered. To control the algae Aquazine™ and 
copper sulfate were used. The use of copper sulfate and Aquazine™ in this study did not cause 
severe depletions of oxygen as might be expected. Rather ponds at VCNFH in 1989 that were not 
treated with Aquazine™ had lower oxygen concentrations than ponds that were treated. This 
probably was due to continued photosynthesis and respiration in these ponds by algae. 
The use of herbicides to control undesirable aquatic vegetation is a common management 
practice in ponds used to rear fry to fingerlings (Tucker and Boyd 1978; Richard and Hynes 1986, 
Piper et al. 1986). Control of aquatic vegetation is required to maintain adequate dissolved oxygen 
levels and to prevent entanglement of fingerlings in the vegetation at harvest. Vegetation which 
commonly requires control include algae (Hydrodicton), submergent macrophytes (.Q.b.ar.a, 
Potomageton), emergent macrophytes (Tulma,) and floating macrophytes (!..filrlD.a, Bi.ccia., 
Ricciocarpus) , Richard and Hynes (1986) recommend 1.5 mg/I CuSO4 application in alkaline waters 
or 1.0 mg/Lin soft water for control of submergent and emergent macrophytes. Snow (1964) 
recommended heavier applications of 2.5 mg/I. 
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Aquazine™ is also applied as a pre-emergent to control aquatic macrophytes in drainable 
ponds. Ciba-Geigy suggests application of AquazineTM before aquatic plants are well established 
and before water temperatures exceed 24 °c. Aquazine™ treated water may not be used for 
irrigation, spraying, livestock, or human consumption until 12 months following treatment (Schnick 
et al. 1989). Therefore, it is important to determine where water discharged from fingerling rearing 
ponds may be used (e.g. , city water sources , downstream livestock use) . 
The unionized ammonia levels in our ponds followed peaks in pH and temperature as 
described by Meade ( 1985). Unionized ammonia is a severe stressor of fish and although little 
information is available on unionized toxicity to walleye it is assumed to be a potent toxicant . In a 
report by the EPA (1985) LC50s for walleye are given ranging from 0.51 to 1.10 mg/L unionized 
ammonia. Broderius et al. (1985) reported that smallmouth bass had a 96 hour LCS0 of 1.78 
mg/L unionized ammonia. Piper et al. (1982) states that channel catfish show reduced growth , 
and gill damage at unionized ammonia concentrations of 0.12 mg/L. A general safety factor of 
10% of the LCS0 for a fish species is considered the maximum concentration before stressful 
conditions will occur (Piper et al. 1982) . 
Greater concentrations of unionized ammonia occurred in ponds inoculated with 
zooplankton in the second week of culture in both years and this trend continued throughout 
the experiment. At GDNFH in 1990, ponds fertilized with soybean meal had significantly more 
unionized ammonia in the third week of culture (P = 0.02) and ponds fertilized with soybean 
meal at VCNFH in 1990 consistently had higher unionized ammonia levels but the differences 
were not significant. Logically, when soybean meal was applied at high rates, as in GDNFH 1990 
experiments, the higher protein levels of soybean meal (44%) should provide more nitrogen to 
the pond, which would increase total ammonia nitrogen levels, and in-turn unionized ammonia 
levels. 
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In pond aquaculture pH is basically a function of the alkalinity of the pond water and the 
amount of photosynthesis which occurs (Boyd 1990). The high buffering capacity of the water 
used to fill the culture ponds in this study may help control changes in pH . Zooplankton 
inoculation caused higher pH values at GDNFH in 1989, indicating that the inoculum affected 
phytoplankton communities. In the same experiment (GDNFH 1989) ponds fertilized with alfalfa 
pellets had higher pH concentrations than ponds fertilized with alfalfa hay or alfalfa meal. Secchi 
disk transparency's were constantly higher in ponds fertilized with pellets in this experiment 
which would indicate that algae were not responsible for this increase in pH . 
Ponds fertilized with alfalfa pellets and inoculated with zooplankton had the highest 
levels of nitrite in our experimental ponds. Zooplankton inoculation consistently gave higher 
nitrite concentrations but the difference was only significant in week 6 at VCNFH in 1989. 
Soybean meal fertilizers consistently caused higher nitrite concentrations and the difference 
was significant in weeks 2 and 3 at GDNFH in 1990, the alfalfa fertilizers were very close in 
nitrogen concentration throughout the study . Since chloride and nitrite compete for uptake by 
the gill chloride cells it is important to have a chloride concentration at least six times higher than 
the nitrite concentration (Piper et al. 1982) . Nitrite levels were all well within acceptable ranges 
especially when the high levels of chloride present in the water sources is considered. Since all 
of our ponds had at least 6 times more chloride than nitrite we had no nitrite toxicity . 
Secchi disk measurements can be a useful measure of turbidity , algal and zooplankton 
abundance, and general status of pond conditions (Goldman and Horne 1983; Boyd 1990). 
Low Secchi disk transparency indicates a narrow euphotic zone (Boyd 1990). Plants generally 
can not conduct photosynthesis at depths which do not receive at least 1 % of the light striking 
the waters surface (Beasley 1963) . None of the treatments caused regular differences in 
Secchi transparency but the Secchi transparencies were always greater at VCNFH than at 
GDNFH. Colloidal clays suspended during the pond filling process may have affected Secchi 
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transparency, especially at GDNFH in 1990 since these ponds were in their first year of use and 
the bottoms of the ponds were easily disturbed by filling activities and wave action. 
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GENERAL SUMMARY 
Zooplankton inoculation gave mixed results, but the affect in 1989 was to reduce biomass 
harvested (kg/hectare) at both hatcheries. The effect of zooplankton inoculation is probably a 
treatment that will vary in relation to the composition of the inoculum, and the quanity and composition 
of zooplankton in the water supply. It seems to be of limited value for increasing walleye fingerling 
production in earthen ponds filled from surface water sources with an abundance of zooplankton. All 
forms of organic fertilizers used performed adequately and no single fertilizer gave superior results in 
all parameters measured. Areas for future research might include use of different types of inoculums 
and different application rates of fertilizer and combinations of inorganic and organic fertilizers. 
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